(19) 



Europaisches Patentamt 
European Patent Office 
Office europten des tirevets 



(11) 



EP 0 786 701 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) Int Cl.«: G03F 7/039, G03F 7/004 


30.07.1997 Bulletin 1997/31 






(86) International application number: 


(21 ) Application number: 959o430d.z 


PCT/JP95/02114 


(22) Date of filing: 13.10.1995 


(87) International publication number: 




WO 96/12216 (25.04.1996 Gazette 1996/18) 


(84) Designated Contracting States: 


• TANAKA, Hideyuki, 


DEGB 


Nippon Zeon Co., Ltd. 




Chiyoda-ku, Tokyo 100 (JP) 


(30) Priority: 13.10.1994 JP 274457/94 


• SUGIMOTO, Tatsuya, 


13.01.1995 JP 21250/95 


Nippon Zeon Co., Ltd. 


16.03.1995 JP 84729/95 


Kawasaki-Shi, Kanagawa 210 (JP) 




• WADA, Yasumasa, 


(71) Applicant: NIPPON ZEON CO., LTD. 


Nippon Zeon Co., Ltd. 


Tokyo 100 (JP) 


Kawasaki-Shi, Kanagawa 210 (JP) 


(72) Inventors: 


(74) Representative: Hucker, Charlotte Jane 


• ABE, Nobunori, 


Gill Jennings & Every 


Nippon Zeon Co., Ltd. 


Broadgate House, 


Kawasaku-shi, Kanagawa 210 (JP) 


7 Eidon Street 


• MATSUNO, Shugo, 


London EC2M7LH(GB) 


Nippon Zeon Co., Ltd. 




Chlyoda-ku, Tokyo 100 (JP) 





(54) RESIST COMPOSmON 

(57) The invention provides a resist composition 
comprising a polymer (a) having groups cleavable by an 
acid and a compound (b) which can form an add upon 
exposure to active rays, wherein the polymer (a) is a 
polymer having, as the groups cleavable by an acid, 
groups containing a substituted allyloxy group having at 
least two suk)stftuents. and a resist composition com- 
prising a resin binder (A), a compound (B) which can 
form an acid upon exposure to active rays, and a com- 
pound (0) having a group cleavable by an acid, wherein 
the compound (0) having the group cleavable by an 
acid is a compound having a group containing a substi- 
tuted allyloxy group having at least one substituent The 
resist compositions have excellent sensitivity, resolution 
and heat resistance and can provide excellent pattern 
form. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to resist compositions suitable for use in minute processing of semiconductor ele- 
ments, and more particularly to resist materials permitting formation of patterns t}y irradiation of far ultraviolet radiation, 
krypton fluoride laser beam, electron beam or the lika 

BACKGROUND ART 

10 

Upon fabrication of a semiconductor device, an image is obtained by a lithography technique in which a resist is 
applied to the suriace of a silicon wafer to form a photosensitive film, the film is exposed to light to form a latent image, 
and the latent image is then developed to form a negative or positive image. 

With the advancement of high integration, high density assemt)ly, miniaturization and speedup of semiconductors 

IS toward IC, LSI and further VLSI, demands on minute processing of elements are enhanced, and there is a demarxl for 
development of techniques forming a minute pattern having a line width of 0.5 M^m or less at present. It is however 
extremely difficult to form such a minute pattern by the conventional lithography technique making use of near ultraviolet 
radiation or visible radiation. Its yield is also lowered to a significant extent. 

Therefore, in order to enhance the resolution of exposure, there are studied other lithography techniques making 

20 use of far ultraviolet radiation (short wavelength ultraviolet radiation), krypton fluoride laser (hereinafter referred to as 
"KrF excimer laser^ beam or the like, which is shorter in wavelength than near ultraviolet radiation, instead of the con- 
ventional lithograpl^ technique utilizing near ultraviolet rays having a wavelength of 350-450 nm. 

Novolak resins are widely used as base polymers in the conventional lithography technique utilizing near ultraviolet 
radiation. However, the novolak resins have been known to involve problems that sufficient sensitivity can not be 

ss achieved, and the form of the resulting pattern is deteriorated because they scarcely transmit rays having a short wave- 
length, such as far ultraviolet radiation and KrF excimer laser. 

In recent years, therefore, attention has been attracted to a resist system in which a compound (i.e.. a photo- 
induced acid generator) which generates an acid upon exposure to active rays (i e.. activated radiation) such as light or 
electron beam fs comt>ined with a compound which is decomposed by an add catalyst to become soluble in a developer 

30 with a view toward achieving high sensitivity and high resolution. For exanple, acetal compounds (Japanese Patent 
Applicatfon Laid-open No. 89003/1973). enol ether compounds (Japanese Patent Application Laid-Open No. 
12995/1980) and the like have been proposed as acU-sensitive compounds used in combination with the photo- 
induced acid generator. BeskJes, a resist composition for minute processing, which is composed of a three component 
system of a t^ase polymer, a photo-induced acid generator and a substance (an acid-sensitive compound) which reacts 

35 in the presence of an add as a catalyst, which has been generated by tiie exposure to light, to change the solubility and 
the like of the base polymer, has been developed. It has been proposed to use, as the base polymer (a resin binder), a 
polymer having an orthoester group in its main chain (Japanese Patent Application Laid-Open No. 17345/1981). a pol- 
ymer having a tert-butyl ester group of a cart^xytic add or a tert-butyl cartx)nate group of phenol (Japanese Patent 
Application Laid-Open No. 27660/1990). or the like. However, these methods are stilt insufficient from tiie viewpoints of 

40 sensitivity, storage stability, stability with time, resolution, pattern form and the like and hence fail to provide a fully sat- 
isfactory resist composition. 

it has been proposed to use a hydrogenated polyvinylphenol derivative as a base polymer for the purpose of 
enhancing transmittance (Japanese Patent Application Laid-Open No. 249673/1993). According to this metiiod. reso- 
lution is improved to some extent. In view of a recent higher standard of performance requirements on resists, however, 

45 further improvements are requested on resolution, pattern form and resistance to etching in particular. 

As more recent examples, it has been proposed to t>ond a t-butoxycarbonyl group. t-amyloxycarlDonyl group, t-butyl 
group, t-hexyl group, allyl group. 2-cyclohexyt group or the like as a protecting group, which is decomposed by an acid 
or base, to an alkali-soluble resin (Japanese Patent Application Laid-Open No. 158363/1992) or use a corripound hav- 
ing a tert-amyl structure in its molecule (Japanese Patent Application Laid-Open Na 269754/1992) in order to attain 

50 higher sensitivity and heat stability. In view of a recent higher standard of performance requirements on resists, how- 
ever, further improvements are requested on resolution, pattern form and resistance to etching in particular as 
described above. 

It is more important that a resist film formed with any of the above-described resist compositions can not fully meet 
heat stability at a practical level and has involved a problem that a resist form is deteriorated by heat generated in an 
55 etching process upon transfem'ng a resist pattern to a substrate (for exanple, silicon substrate), resulting in a failure to 
exactly transfer the resist form to the substrate. 

In order to solve this problem, there has been proposed a resist conposition in which a group capable of forming 
a secondary carlx)nium ion intermediate having a proton usable in a reaction upon cleavage is used as a protecting 
group to be deconposed by an add or bas in an alkali-solLd>le resin, thereby improving its heat stability (heat resist- 



2 



EP0 786 701 A1 



ance) (Japanese Patent Application Laid-Open No. 19139/1993). The resist film described in this document is recog- 
nized to have Improved thermal properti s compared with a resist having a t-butyl group as a group unstable to an acid. 
However, its sensitivity required of a resist film is markedly deteriorated. The resist composition is hence unpractical. 
As described above, the sensitivity of resist compositions is inproved to a considerable extent by investigating such 
5 a protecting group. In view of a recent higher standard of performance requirements on resists, however, further 
inftprovements are requested on resolution, heat resistance, form of resist pattern and resistance to etching in particu- 
lar. 



DISCLOSURE OF THE INVENTION 



10 



It is an object of the present invention to provide a resist composition by which sensitivity, resolution, heat resist- 
ance, pattern form, resistance to etching and the like are markedly improved. 

The present inventors have carried out an extensive investigation with a view toward solving the above-described 
problems. As a result, it has been found that in a resist composition containing a polymer (base polymer or resin binder) 
IS having groups cleavat>te by an acid and a compound (jphoto-induced acid generator) which can form an acid upon expo- 
sure to active rays, a polymer having groups containing a substituted allyloxy group having at least two substituents is 
used as said polymer, whereby the atx>ve object can be achieved. 

The present inventors have also found that in a resist composition containing a resin binder, a photo-induced acid 
generator and a compound having a group cleavat)le by an add, a compound having a group containing a substituted 
20 allyloxy group having at least one substituent is used as said compound, whereby the above object can be achieved. 
The present invention has been led to completion based on these findings. 

According to the present invention, there is thus provided a resist composition comprising a polymer (a) having 
groups cleavabte by an acid and a compound (b) which can form an acid upon exposure to active rays, wherein the pol- 
ymer (a) is a polymer having, as tiie groups cleavable by an acid, groups containing a substituted allyloxy group having 
25 at least two substituents. 

According to the present inverrtion, there is also provided a resist conposition conprising a resin binder (A), a com- 
pound (6) which can form an add upon exposure to active rays, and a compound (C) having a group cleavable by an 
acid, wherein the conpound (C) having tiie group cleavable by an acid is a compound having a group containing a sub- 
stituted allyloxy groip having at least one substituent. 

30 

BEST MODE FOR CARRYING OUT THE INVENTION 

QrpMp gontaininq g ggl^stitMted allyloxy group: 

35 In the present invention, the group containing a substituted allyloxy group having at least two substituents may be 
any group so far as it functions as a group unstable to an acid, which is decomposed by the acid. Specific examples 
thereof include groups represented by the following formula (1): 



40 



45 . 

wherein R^ to R^ are independerniy selected from among a hydrogen atom, halogen atoms, a nitro group, a cyano 
group, alkyi groups which may be substituted, alkenyl groups which may be substituted, alkadienyi groups which may 
be substituted, and a vinyl group which may be substituted, at least two of R^ to R^ are substituents other tiian the 
hydrogen atom, R^ and R'*. R^ and R^ and R^ and R^ may independently form a ring, the individual substituents each 
so have at most 1 2 carbon atoms, and A is a single borxJ or a divalent organic group. 

Namely, tiie substituted allyloxy group having at least two stibstituents Is bonded directly or through a divalent 
organic group to a polymer. 

Specific exanples of R^ to R^ in the formula (1) indude a hydrogen atom, a nitro group and a cyano group; and 
besides halogen atoms such as chlorine and bromine atoms; alkyI groups which may be sut>stituted. such as methyl. 
55 ethyl, propyl, butyl, amyl, cyclopentyt. cyclohexyl. cycloheptyl. 1-methylcyclopentyl, 2-ethylcyclopentyl. 1-ethylcy- 
clohexyl and 2-metiiylcyclohexyl groups; alkenyl group which may be substituted, such as vinyl. 1-propenyl, allyl. 1- 
butenyl. 3-butenyl. 1-pentenyl, 2-pentenyl, 4-pentenyl, hexenyl, 2-cyclc*>utenyl, 2-cydopentenyl. 1-methyl-2-cyclopen- 
tenyl. 2-cyc!ohexenyl and 3-methyl-2-cyclohexenyl groups; cycloalkadienyl groups which may be substituted, such as 
2.4-cyclopentadienyl. 1-methyl-2.4-cydopentadienyl, 3-methyl-2,4-cyclopentadi nyl, 3,4<dimethyl-2,4-cydopentadi- 
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enyl. 2,5-cyclohexadienyl and 3.5-dimethyl-2.5-cyclohexadienyl groups; and a vinyl group which may be substituted, 
such as a vinyl, 1-propenyl. 1 -buten-1 -yl. 1 -but n-2-yl or 2-buten-2-yl group. Incidentally, in the specific exaniples of the 
substituents, the propyl means n-propyl or isopropyl. the butyl denotes n-butyi, isobutyl, s-butyl or t-butyl, and the amyl 
represents pentyl, 1 -methylbutyl, 2-methylbutyl. 3-methylbutyl. 1-ethylpropyl. 1.1-dimethylpropyl. 1 ,2-dimethylpropyl or 

5 2.2-dimethylpropyl. Further, R'' and may be bonded together to form a ring such as cydohexane or cydopentene. 
Similarly, R^ and R^ and R"* and R^ may also form a ring. However, the formation of a ring may cause reduction in sen- 
sitivity of the resulting resist composition and Is hence not very preferred. 

Preferable examples of the substituents other than the hydrogen atom of R"" to R^ in the formula (1) are halogen 
atoms and various substituent groups having 1 -4 cartx)n atoms with alkyi and alkenyl groups having 1 -4 cartx>n atoms 

10 being particularly preferred. 

A in the formula (1) is a single bond or a divalent organic group. Preferable examples thereof include groups repre- 
sented by the following formula (2): 

-Y.B^Z>n (2) 

IS 

wherein B is a single bond or a divalent organic group having 1-10 cartx)n atoms, Y is a single bond, a divalent organic 
group having 1-4 cartDon atoms, -CO- or -CO2-. Z is -CO-, and n is an integer of 0-3, with the proviso that Z is bonded 
to the oxygen atom in the formula (1 ) when n is 1 -3, while B is bonded to the oxygen atom in the fonnula (1) when n is 0. 
In the formula (2), specific exanrples of the divalent organic group of B include linear, branched or cyclic alkylene 
20 groups which may be substituted, such as methylene, ethylene, propane- 1.3-diy1, propane- 1.2-diyt, butane-1.4-diyl, 
butane-2.2-diyl, pentane-1 .5-diyl, hexane-1.6-diyl. cydopentylene. cyclohexylene and 2-methylcyclohexylene: and lin- 
ear, branched or cyclic alkenylene groups which may be substituted, such as vinylene, propenylene, butylene, hexe- 
nytene. 2-chloropentenylene, 3-ethylhexenylene. cyclohexenylene, 2-chlorocyclohexenylene. -CH=CH-CH=CH-. - 
CH2C=CHCH2CH«CH-and -CCI=CH-CH=CCI-. Besides, a divalent group represented by the formula (3): 



30 




wherein R® to R® are independently a halogen atom or an alkyI group having 1-4 cartoon atoms, or another divalent 
group such as -0-, -CO- or -CO2- may be bonded in these residues or to a terminal thereof to form such groups as - 
35 CH2-O-CH2-, -CH2-C6H4-O-CH2-. -CH2-C6H4-CH2- and -CH2-C6H4-. 

In the formula (2). specific examples of the divalent organic group of Y indude alkylene and alkenylene groups hav- 
ing 1-4 cartx)n atoms, such as methylene, ethylene, vinylene. propenylene and butylene. 

Of these, preferable exanrnJles of A indude a single bond; and t»esides divalent groups represented by the following 
formula (4): 



40 



45 



wherein R^ and R^° are independently a hydrogen atom, a halogen atom, an alkyI group which may be substituted, an 
alkenyl group which may be substituted, a phenyl group which may be substituted, or an aralkyi group which may be 
so substituted, said individual substituents each having at most 10 cartwn atoms, such as -CH2CO-, -CH{CH3)CO-, - 
C(CH3)2CO-, CCI2CO-, -CH(Ph)CO- (in which (Ph) means a phenyl group; the same shall apply hereinafter) and - 
C(Ph)2CO-; and divalent groups represented by the following formula (5): 



55 
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wherein R'''' to R^® are independently a hydrogen atom, a halogen atom, an alkyi group which may be substituted, or 
an alkenyl group which may be substituted, said individual substituents each having at most 4 caibon atoms, such as - 
CH2-C6H4-O-CH2CO-. -CH(C2H5)-C6H4-0-CH2CO-. -CH2-(C6H3(CH3))>0-CH(CH3)CX)- and CHCI-C6H4-0-CH2CO-. 

Specific examples of the substituents of the formulae (4) and (5) include halogen atoms, the same alkyI and alkenyl 
groups which may be sid)stituted as those mentioned in R"* to R^ of the formula (1). and aralkyl groups which may be 
substituted, such as benzyl, 4-hydraxybenzyl, 4-methylbenzyl. phenethyl. 3-methylphenethyl. 2,4.6-trimethylphenethyl 
and 4-hydroxyphenethyt groups. 

The substituted allyloxy groups according to the present invention have at least two substituents and prefer groups 
in which both hydrogen atoms at the 1 -position are not substituted (groups free of any sutstituent at the 1 -position) or 
groups in which both hydrogen atoms at the 1 -position are substituted (1.1-cli-sut>stituted groups) to groi4)s in which 
one of two hydrogen atoms at the 1 -position is substituted (1-monosubstituted group) from the viewpoint of realizing 
higher sensitivity and resolution. Namely, both and In the formula (1) are preferably hydrogen atoms or substitu- 
ents. 

Specific examples off such groups represented by the formula (1) include 3-methyl-2-butenyloxycarlxxiylmethyloxy, 
1 -methyl-2-butenyloxycarbonylmethyloxy. 1 -methyl-2-butenyloxycarbonylmelhyloxy. 1 . 1 -dimethyl-2-propenylQxycarbo- 
nylmethyloxy, 1,1-dimethyl-2-pentenyloxycartx)nylmethyloxy. 2-cyclohexenyloxycarbonylmelhytoxy. 4-(3-methyl-2-bule- 
nyloxycarbonytmethyloxy)benzyloxy. 4-(l -methyl -2-butenyloxycarbonylmethylQxy)benzyioxy. 2-(1,1-dimethyl-2- 
propenyloxycarbonylmethyloxy)benzyloxy and 4-(1,1-dimethyl-2-pentenyloxycarbonylmethyloxy)-benzyloxy groups. 

In the compound (C) having a group containing a substituted allyloxy group having at least one substituent, such a 
group is a group of the formula (1) in which at least one of R^ to R^ is a substituent other than a hydrogen atom. 

As specific examples of the substituent allyloxy groups, may be mentioned groups represented by the following for- 
mulae (6) to (15): 
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(6) 



10 



(7) 



15 



20 



25 



30 



35 



40 



45 



50 



(8) 
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(10) 



(11) 



(12) 
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(13) 



(14) 




(15) 



Polymer (a) having groups cleavable by an acid: 

The polymer (a) useful in the practice of the present invention functions as a resin binder and is a polymer which 
contains groups containing a substituted allyloxy group having at least two sut>stituents. As described above, the sub- 
stituted allyloxy group is bonded directly or through a divalent organic group to the polymer. In this polymer (a), the sub* 
stituted altytoxy group is cleaved in the presence of an add derived from the compound (b) which can form an acid upon 
exposure to active rays, so that the polymer turns alkali-soluble. 

No particular limitation is imposed on a preparation process of such a polymer (a). For example, (1) a process in 
which after a resin to be used as a raw material (herenafter may be referred to as "a base resin is synthesized, a 
group containing the substituted allyloxy group is introduced into the resin in accordance with a method known perse 
in the art and (2) a process wherein a monomer into which a group containing the sut>strtuted allyloxy group has been 
introduced in advance is subjected to anionic polymerization or cationic polymerization by itself, or a process wherein 
a monomer into which a group containing the substituted allyloxy group has been introduced in advance is sul^jected to 
anionic polymerization or cationic polymerization together with another monomer. In the process (1). a method for intro- 
ducing the group containing the sut^stituted allyloxy group includes a method in which a substituted allyl ester of a hal- 
ogenated carboxylic acid corresponding to the Intended substituted allyloxy group is subjected to a condensation 
reaction with hydrQxyl groups in the resin under basic conditions, or the like. When the cationic polymerization is con- 
ducted in the process (2). a reaction is generally carried out at a low iemperalure. 

The base resin used in synthesizing the polymer (a) in accordance with the process (1) may be either a homopol- 
ymer or a copolymer. Specific examples of such a polymer include resins hawng structural units derived from phenol or 
vinylphenol. such as vinylphenol resins such as polyvinylphenot resins and partially hydrogenated polyvinylphenol res- 
ins; phenolic resins such as novolak resins and partially hydrogenated novolak resins; polyvinyl alcohol resins; copoly- 
mers of vinylphenol or a derivative thereof with other monomers than the vinylphenols. such as styrene. styrene 
derivatives, (meth)acrylic esters and (meth)acrylic ester derivatives; and copolymers of two or more kinds of vinylphe- 
nols, and hydrogenated products thereof. Of these, resins (hereinafter generically referred to as the "vinylphenol type 
resin**) which may be partially hydrogenated arxJ have structural units derived from vinylphenol, such as the polyvinyl- 
phenol resins, partially hydrogenated polyvinylphenol resins, and homopoiymers and copolymers making use of vinyl- 
phenol or derivatives thereof, are preferred with the partially hydrogenated polyvinylphenol resins t>eing particularly 
preferred. When the vinylphenol type resin is used, no particular limitation is inposed on the upper limit of the propor- 
tion of the structural units derived from vinylphenol or a derivative thereof. However, the lower limit thereof is generally 
5%, preferably 1 5%, more preferably 25%. When the hydrogenated vinylphenol type resin is used, the rate of hydrogen- 
ation varies according to the components of the resin. However, its upper limit is generally 50%, preferably 35%. nrore 
preferably 20% based on the aromatic unsaturated bonds in the resin, while its lower limit is generally 1%. preferably 
3%, more preferably 5%, 

Examples of the monomer having the substituted allyloxy group used in polymerizing into the resin in accordance 
with the process (2) include compounds in which the hydrogen atom of the hydroxyl group of vinylphenol has been sub- 
stituted by a substituted allyl group, such as styrene compounds having a substituted allyloxy group; compounds in 
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which the hydrogen atom of the hydroxy! group of vinylphenot has been substituted by "a group having a substituted 
allyloxy group", such as styrene compounds having a substituted ailyloxycarbonyloxy group and styrene compounds 
having a substituted allyfoxycarbonylalkyloxy group; and unsaturated carboxylic compounds to which a group contain- 
ing a substituted allyloxy group has been bonded. When copolymers are obtained, other polymerizable monomers 
5 include vinylphenol which may be substituted, and styrene which may be substituted. 

No particular limitation is imposed on the weight average molecular weight of the polymer (a) obtained by each of 
the above-described processes. However, the upper limit thereof is preferably 100.000. more preferably 20.000 from the 
viewpoint of resolution, while the lower limit thereof is preferably 1 ,000, more preferably 2.000 from the viewpoint of film- 
forming property, 

10 With respect to the proportion of the substituted allyloxy groups in the polymer (a), it is generally introduced within 
a range of 0.01-0.99 groups per structural unit of the resin. However, the upper limit thereof is preferably 0.6 groups, 
more preferably 0.35 groups, while the lower limit thereof is preferably 0.05 groups, more preferably 0.1 group. 

The rate of sut>stitution of the resin binder obtained by substituting the hydrogen atoms of the phenolic hydroxyl 
groups in the vinylphenol type resin with the substituted allyloxy group varies according to the proportion of the phenolic 
15 hydroxyl groups in the polymer, but is generally 1-99%, preferably 5-60%, more preferably 10-35%. 

Besides, the polymer (a) having groups cleavable by an acid as the polymer (a) may include a (co)polymer having 
structural units derived from an aromatic vinyl compound to which a group containing a substituted allyloxy group hav- 
ing at least two substituents has been bonded. This copolymer may include a copolymer having structural units derived 
from the aromatic vinyl compound to which the group containing a substituted allyloxy group having at least two substit- 
20 uents has been tx)nded. and structural units derived from an unsaturated carboxylic compound. 

Preferable examples of the copolymer include copolymers containing structural units represented by the following 
formula (16), structural units represented by the following fbrmula (1 7) and structural units represented by the following 
structural units (18). 



30 



35 



40 



45 




(16) 



(17) 



(18) 



COOR. 



60 wherein to R3 are independently selected from among a hydrogen atom, alkyl groups which have 1-4 carbon atoms 
and may be substituted, halogen atoms, a cyano group, and a nitro group, R4 is a group containing a substituted allyloxy 
group having at least two sut)stituents represented by the fbrmula (1), Re is a hydrogen atom, a hydroxyl group, an alkyl 
group which has 1 -4 cartoon atoms and may be substituted, or a halogen atom, R5 is a linear, branched or cyclic alkyl 
group which may be substituted, or a group represented by the following formula (20): 

55 
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(20) 



in which R7 Is an alkyl or alkenyl group which may be substituted, Rs to Ri i are independently a hydrogen atom, a hal- 
ogen atom, or an alkyl group which may be substituted, at least one of Rs to Ri 1 is a hydrogen atom, and D is a divalent 
organic group, and k, m and n represent proportions of the respective structural units and satisfy the following respec- 
tive relationships: 

0 < k < 0.95; 
0 < m < 0.95; 
0.05 ^ n ^ 0.60; and 
0.1 i k/(k + m) < 1 

wherein the sum of the proportions of the respective structural units in the copolymer Is 1. 

Besides, as the polymer (a), may be mentioned a (co)polymer having structural units derived from an aromatic car- 
boxylic compound to which a group containing a substituted allyloxy group having at least two sut>stituents has been 
tended. This copolymer may include a copolymer containing structural units derived from the aromatic cartx)xylic com- 
pound to which a group containing a substituted allyloxy group having at least two sttostituents has been bonded, and 
structural units derived from an aromatic vinyl compound. Preferable exanrple of the copolymer include copolymers 
containing the structural units represented by the formula (17) and structural units represented by the following formula 
(19): 



wherein R3 has the same meaning as def ined in the formula (18), R4 is a group containing a substituted allyloxy group 
having at least two substituents represented by the formula (1). and m and p represent proportions of the respective 
structural units and satisfy the following respective relationships: 

0.40 ^ m <: 0.95; and 
0.05 ^ p < 0.60 

wherein tiie sum of the proportions of the respective structural units in the copolymer is 1. 

The copolymers having tiie structural units represented by the formulae (16). (17) and (18) as essential structural 
units may be either block copolymers or random copolymers. 

With respect to the weight average molecular weight of this polymer, the lower limit is generally 1,000, preferably 
2.000. while the upper limit is generally 100.000, preferably 20,000. If the molecular weight is outside tiiis range, the 
resolution of the resulting resist composition may be deteriorated in some cases. 

In thefbrmulae (16), (17) and (18), specific examples of Ri. R2 and R3 include a hydrogen atom; alkyl groups hav- 
ing 1-4 carbon atoms, such as methyl, ethyl, n-propyl. isopropyl, n-butyl, s-butyl and t-butyl groups, and substituted 
groups thereof in which at least one hydrogen atom is substituted by a halogen atom, an alkoxyl group or the like; hal- 
ogen atoms such as fluorine, chlorine, bromine and iodine; a cyano group; and a nitro group. 

The proportions of tiie structural units represented by the formulae (16), (1 7) and (18) are represented by k, m and 
n. respectively When the sum of the respective structural units in ttie polymer is 1 . they generally satisfy tiie following 
relationships: 

0<k<0.95; 
0 < m < 0.95; 
0.05^ n ^0.60; and 




(19) 
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0.1 sk/(k + m) <1. 

If the proportion k of the structural units represented by the formula (16) Is too low, reduction in sensitivity and res- 
olution, and deterioration in pattern form are invited on the resulting resist composition. If the proportion k is too high on 

5 the other hand, the contrast of a pattern formed from the resulting resist composition tends to lower. Besides, if the pro- 
portion m of the structural units represented by the formula (17) is too low, the resistance to etching of the resulting 
resist composition Is lowered. If the proportion m is too Wgh on the other hand, the solubility of the resulting resist com- 
position in developers Increases at its unexposed portion. Accordingly, the proportion (k/(k + m)) of the structural unfts 
represented by the formula (16) between the structural units represented by the formulae (16) and (17) is generally at 

10 least 0.1. preferably at least 0.2, more preferably at least 0.3 in terms of the lower limit, and generally tower than 1 , pref- 
erably at most 0.8. more preferably at most 0.7 in terms of the upper limit. 

No particular limitation is imposed on the proportion (k + m)/{k + m + n) of the sum of the structural units repre- 
sented by the formulae (16) and (17) to the whole resin so far as tiie above conditions are satisfied, but is preferably 
0.40-0.95, more preferably 0.60-0.85. If this proportion is too low (namely, if the proportion of the structural units of the 

IS fbriTwIa (18) is too high), the resistance to etching of the resulting resist composition may be lowered in some cases. If 
tWs proportion is too high (namely, if the proportion of the structural units of tiie formula (18) Is too low) on the other 
hand, the light transmittance of the resulting resist composition is lowered, so that there is a possibility that its sensitivity 
and resolution may be deteriorated. Accordingly, tiie proportion n of the structural units represented by the formula (1 8) 
is 0.05, preferably 0.1 in terms of the lower limit, and generally 0.6. more preferably 0.5 in terms of the upper limit when 

20 the sum of tiie proportions of all the structural units is 1 . 

Further, when tiie proportion of the structural units represented by tiie formula (16) is high (usually, the proportion 
represented by ( k/(k + m) ) is 0.3 or higher), tiie substituent R5 in the formula (18) may not be necessarily a group use- 
ful as the group unstak)!e to an acid, so that an alkyi group which may be substituted but has no substituent at Its 1 -posi- 
tion, and does generally not function as the group unstable to an add, such as a methyl, ethyl, n-propyl. n-butyl, 2- 

25 hydroxyethyl or 2-chloroethyl group, may be used. 

On the other hand, when the proportion of the structwal units represented by the formula (1 6) is high (usually, the 
proportion represented by (k/(k + m) ) is lower than 0.3), the substituent R5 is desirably a group unstable to an add. 
Preferable examples of such a group include the groups represented by the formula (1). Those having an alkyI group 
which may be substituted but has no substituent at its 1ix>srtion. and a group represented by the formula (20) as R5 

30 may exist as tiie structural units represented by the formula (1 8) in the polymer. 

Other structural units (hereinafter referred to as "the otiier structural units") than tiie structural units represented by 
the formulae (16). (17) and (18) may exist In the polymer within limits not impeding the effects of the present invention. 
The term "limits not impeding the effects of the present invention" as used therein means that the proportion of the other 
structural units is 0.2, preferably 0.1 in terms of the iqapef '"'"'t when the sum of the proportions of the structural units 

35 in tiie polymer is 1 . 

The polymer containing tiie structural units represented by the formulae (16). (17) and (18) used as a resin com- 
ponent in the present invention can be synthesized in accordance with a method krxwn perse in the art. For example, 
a process in which a hydroxystyrene type monomer represented by the following fbmiula (21): 



wherein R2 is a hydrogen atom, an alkyI group which may be substituted and has 1 -4 cartx>n atoms, a halogen atom, a 
cyano group or a nitro group. Is copolymerized with a monomer represented by the following formula (22): 



40 




R2 

t = CH, 



(21) 



46 



SO 



R, 



C = CH, 



(22) 



55 



c = o 
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wherein R3 and R5 have the same meaning as defined in the formula (18), and a group represented by the formula (1) 
is then introduced into oxygen atoms of part of hydroxy! groups derived from the formula (21) in accordance with a 
method known perse in the art is mentioned. 

The method for introducing the group represented by the formula (1) varies according to the kind of the divalent 
organic group A of the group represented by the formula (1 ) to be introduced. For example, a polysubstituted allyl halide 
is reacted with the copolymer of the monomer represented by the formula (21) with the monomer represented by the 
formula (22) under basic conditions, whereby a product in which A in the formula (1) is a single bond is obtained. When 
a polysubstituted allyl ester of a halogenated organic add is reacted, a product in which A in the formula (1) is a group 
represented by the formula (4) is obtained. When a poly-substituted allyl ester of a halogenated alkylphenoxy-organic 
acid is reacted, a product in which A in the formula (1) is a group represented by the formula (5) is obtained. 

Examples of the monomer represented by the formula (21) include 4-hydroxystyrene. 3-hydroxystyrene, 2-hydrox- 
ystyrene, a-methyl-4-hydroxystyrene. a-methyl-3-hydroxystyrene, a-melhyl-2-hydroxystyrene and 4-hydroxy-3-methyt- 
styrene. 

Examples of the monomer represented by the formula (22) include methyl acrylate. ethyl acrylate, n-propyl acr- 
ylate, isopropyl acrylate, n-butyl acrylate, t-butyi acrylate. t-amyl acrylate, 2-hydroxyethyl acrylate. S-hydroxypropyt acr- 
ylate. chtoromethyl acrylate. 1-methy1-cyclopentyl acrylate, 1-methyicyclohexyl aaylate, methyl methacrylate. ethyl 
methaaylate. n-propyl methacrylate, isopropyl methacrylate. n-butyl methacrylate, t-butyl methacrylate, t-amyl meth- 
acrylate. 2-hydroxyettiyl methacrylate, 3-hydroxypropyl methacrylate, broromethyl methacrylate, 1-methylcyclopentyi 
methacrylate and 1-methylcyclohexyl methacrylate. 

Of these, linear alkyi (meth)acrylates. hydroxyalkyi (meth)acrylates and (meth)acrylates having a group repre- 
sented by the formula (20) are preferred. 

Examples of the poly-substituted allyl halide used in introducing the group represented by the formula (1) include 
1.1-dlmethyIallyl bromide. 1 ,2-dimethylallyl bromide, 2.3-dimethylallyl bromide. 3,3-dimethylallyl bromide and 1-methyl- 
3-ethylallyl bromide. Examples of the poly-substituted allyl ester of the halogenated organic acid include 3-methyl-2- 
butenyl bromoacetate. 1-methyl-2-butenylbromoacetate, 1,1-dimethyl-2-propenylbronfK)acetate, 1.1-dimethyl-2-pente- 
nyl bromoacetate, 2-cyclohexenyl bromoacetate. 3-methyl-2-butenyl chforooxalate, 2-butenyl bromoacetate and 1- 
methyl-2-propenyl bromoacetate. Specific examples of the polysubstituted allyl ester of the halogenated alkylphenoxy- 
organic acid include 1-methyl-2-butenyl (4-bromomethyl)-phenoxyacetate, 3-methyl-2-butenyt (4-bromomethyO-phe- 
noxyacetate, 1.1-dimethyl-2-propenyl (4-bromomethyl)-phenoxyacetate and 1.1-dimethyl-2-pentenyl (4-bromonne- 
thyOphenoxyacetate. 

Specific exannples of the polymers having the structural units represented by the formulae (16). (17) and (18) 
include 4-(3-methyl-2-butenylQxycart)onylmethyloxy)styrene/4-hydroxystyrene/me^ acrylate copolymers. 4-(3- 
methyl-2-butenyloxycartx)nylmelhylaxy)styrene/4-hydroxystyrene/methyl methacrylate copolymers, 4-(3-methyl-2- 
butenytoxycartx>nylmethyloxy)styrene/3-hydroxy styrene/methyl methacrylate copolymers. 4-{3-methyl-2-butenytoxy- 
cartx)nylmethyloxy)styrene/4-hydroxystyrene/1-methyteyclohexyl acrylate copolymers. 4-(3-methyl-2-butenylQxycartx)- 
nylmethyloxy)5tyrene/4-hydroxystyrene/n-butyl methacrylate. 4-(3-methyl-2-butenyloxycart)onylmethyloxy)styrene/4- 
hydroxystyrene/ethyl methacrylate, 4-(3-methyl-2-butenyloxycarbonylmethyloxy)styrene/4-hydrQxystyrene/2-hydroxye- 
thyl methacrylate. 4-(3-methyl-2-butenyloxycai1X)nylmethyloxy)styrene/4-hydrQxystyrene/1-methylcyclohexyl methacr- 
ylate, 4-(1 -methyl-2-butenylQxycarbonylmethyloxy)styrOTe/4-hydroxystyrene/n-butyl methacrylate, 4-(1 -methyl-2- 
butenyIoxycartK)nylmethyloxy)styrene/4-hydroxystyrene/ethyl methacrylate, 4-(1 -methyl-2-buteny!oxycartx)nyImethyl- 
oxy)styrene/4-hydroxystyrene/2-hydrQxyethy! methacrylate. 4-(1-methyl-2-butenyloxycart>onylmethyloxy)-styrene/4- 
hydroxystyrene/1-methylcycIohexyl methaaylate. 4-(1 ,1-dimethyl-2-p^openyloxycartx)nylmethyIoxy)styrene/4-hyd^oxy- 
styrene/methyl methacrylate copolymers, 4-(1 . 1 -dimethyl-2-propenylQxycarbonylmethyloxy)styrene/4-hydroxysly- 
rene/ethyl methacrylate, 4-(1,1-dimethyl-2-propenyloxycarbonylmethyIoxy)styrene/4-hydraxystyrene/l-butyl acrylate 
copolymers. 4-(1,1-dimethyl-2iDropenyloxycarbonylmethyloxy)styrene/4-hydroxystyrene/t-butyi methacrylate copoly- 
mers. 4-(1 ,1 <iimethyl-2-propenyloxycarbonylmethylQxy)styrene/4-hydroxystyrene/1 -methylcydohexyl methacrylate 
copolymers, 4-(2-cyclohexenyloxycarbonyImethyloxy)styrene/3-hydroxystyrene/ethyl methacrylate copolymers. 4-[4- 
(3-methyl-2-butenyloxycarbonylmethyloxy)benzyloxy]styrene/4-hydroxystyrene/methyi methacrylate copolymers, 4-[4- 
(3-methyl-2-butenyloxycarbonylmethyloxy)ben2yloxy]styrene/4-hydroxystyrene/1-methylcyd^ methacrylate 
copolymers, 4-[4-(3-methyl-2-butenyloxycartK)nylmethyloxy)ben2yloxy]styrene/4-hydroxystyrene/1-methylcycloh^^^ 
methaaylate copolymers, 4-[4-(3-methyl-2-butenyloxycarbonylmethyloxy)benzytoxy]sl^ 

methacrylate copolymers. 4-(3-methyl-2-txitenyloxycaibonylcaitx)nyloxymethyloxy)slyrene/2-hydroxy5tyrene/methyl 
acrylate copolymers and 4-(3-methyl-2-butenyloxycarbonyloxymethyloxy)styrene/4-hydroxystyrene/1-methylcydohe^ 
methacrylate copolymers. 

The copolymers having the structural units represented by the formulae (17) and (19) can be obtained preferably 
by copolymerizing a monomer capable of giving the structural units represented by the formula (1 7) and a (meth)acry!ic 
compound having a group represented by the formula (1 ), i.e., a compound in which the hydrogen atom of the cartxjxyl 
group in (meth)acrylic add has been substituted by such a substituted allyloxy group (or a substituted allyloxy group- 
containing group) as A in th general formula (1) is a divalent organic group. Other structural units such as the structural 
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unit represented by the formula (18) may exist as the third component within limits not impeding th object of the 
present invention. Specific examples of th copolymers include 4-hydroxystyrene/3-methyi-2-butenyl (meth)acrylate 
copolymers. From the viewpoint of properties such as sensitivity, resolution and pattern form, proportions m and p of 
the respective structural units represented by the formulae (17) and (19) are generally within the following respective 
ranges: 

0.45 ^m^ 0.95: and 
0.05 ^ p ^ 060 

wherein the sum of the proportions m and p is 1. 

Photo-induced acid Generator (b) : 

No particular limitation is imposed on the compound (b). which forms an acid upon exposure to active rays, useful 
in the practice of the present invention so tar as it is a substance (hereinafter referred to as "PAGT which generates a 
Brensted acid or Lewis acid upon irradiation of (exposure to) active rays (activated radiation). Known compounds such 
as onium salts, halogenated organic compounds, quinonediazide oonpounds. a.a-bis(sulfonyl}diazomethane com- 
pounds, a-cartx>nyl-a-sulf6nyldiazomethane compounds, suifone compounds, organic add ester compounds, organic 
acid amide compounds and organic acid imide compounds may be used. 

Examples of the onium salts include diazonium salts, ammonium salts, iodonium salts such as triphenyliodonium 
salts and triflate, sulfbnium salts such as triphenylsuHbnium triflate. phosphonium salts, arsonium salts and oxonium 
salts. 

Examples of the halogenated organic compounds include halogen-containing oxadiazole compounds, halogen- 
containing triazine compounds, halogen-containing acetophenone compounds, halogen-containing benzophenone 
compounds, halogen-containing sulfoxide compounds, halogen-containing suifone compounds, halogen-containing thi- 
azole compounds, halogen-containing oxazoie compounds, halogen-containing triazole compounds, halogen-contain- 
ing 2-pyrrone compounds, halogen-containing heterocyclic compounds other than those mentioned above, halogen- 
containing aliphatic hydrocarbon compounds, halogen-containing aromatic hydrocart>on compounds and sulfenyf hal- 
ide compounds. Specific examples thereof include halogen-containing flame retardahts such as tris(2,3-dibromopropyl) 
phosphate, tris(2,3-dibromo-3-chloropropyl) phosphate, tetrabromochlorobutane, hexachiorobenzene. hexabromoben- 
zene, hexabromocyclododecane, hexabromobiphenyl, allyl tritxomophenyl ether, tetrachlorobisphenol A, tetrabromcbi- 
sphenol A, bis-{chloroethyO ether of tetrachlorobisphenol A. bis-(bromoettTyl) ether of tetrabromobisphenol A, bis-(2,3- 
dichloropropyl) ether of bisphenol A. bis-(2,3-dibromopropyl) ether of bisphenol A. bis-(2,3-dichloropropyl) ether of tet- 
rachlorobisphenol A, bis-(2,3-dibromopropyi) ether of tetrabronrK)bisphenol A, tetrachlorobisphenol S, tetrabrombisphe- 
nol S. bis(chloroethyl) ether of tetrachlorobisphenol S, bis(bromoethyl) ether of tetrabromobisphenol S. bis(2.3- 
dichloropropyl) ether of bisphenol S, bis(2.3-dibromopropyl) ether of bisphenol S, tris(2,3-dibromopropyl) isocyanulate. 
2.2-bis(4-hydroxy-3.5-dibromophenyl)propane and 2,2-bis(4-(2-hydroxyethoxy)-3,5-dibromophenyl propane; and 
organo-chloric pesticides such as dichlorodiphenyltrichloroethane, pentachlorophenol, 2,4,6-trichlorophenyl 4-nitroph- 
enyl ether. 2.4-dichlorophenyl 3'-methoxy-4'-nitrophenyi ether. 2.4-dichlorophenoxyacetic acid, 4.5.6, 7-tetrachloroph- 
thalide. 1 . 1 -bls(4-chlorophenyl)ethanol. 1 . 1 -bis(4-chlorophenyl)-2.2.2-trichloroethanol, 2,3,4',5-tetrachlorodq3henyl 
sulfide and 2,4,4',5-tetrachlorodiphenyl suifone. 

Specific examples of the quinonediazide compounds include sulfonic acid esters of quinonediazide derivatives 
such as 2-benzoquinonediazide-4-suHbnic acid ester, 1.2-naphthoquinonediazide-4-sulfonic acid ester, 1,2-naphtho- 
quinonediazide-5-sulfonic acid ester, 2,1 -naphthoquinonediazide-4-sulfonic acid ester and 2,1 -benzoquinonediazide-5- 
suHonic acid ester; and sulfonic acid chlorides of quinonecGazide derivatives such as 1 .2-benzoquinone-2-diazide-4-sul- 
fonic acid chloride. 1,2-naphthoquinone-2-diazide-4-sulfbnic add chloride, 1.2-naphthoquinone-2-diazide-5-sulfonic 
acid chloride. 1.2-naphthoquinone-1-diazide-6-sulfonic add cNoride and 1,2-benzoquinone-1-diazide-5-suHbnic acid 
chloride. 

Examples of the a.a-l)is(sul1bnyOdiazomethane compounds include a,a-bis(sulfonyl)diazomethanes, which each 
have an unsubstituted, or symmetrically or unsymmetrically substituted alkyi, alkenyl, aralkyl. aromatic or heterocydic 
group. 

Specific examples of the a-carfcx)nyl-a-sulfbnyldiazomethane compounds include a-caibonyl-a-sulfonyldlazometh- 
anes, which each have an unsubstituted. or symmetrically or unsymmetrically substituted alkyi. alkenyl. aralkyl. aro- 
matic or heterocyclic group. 

Specific examples of the suifone compounds include suifone compounds and disuHone compounds, which each 
have an unsubstituted. or symmetrically or unsymmetrically substituted alkyi. alkenyl. aralkyl, aromatic or heterocydic 
group. 

Examples of the organic acid esters include carboxylic add esters, sulfonic acid esters and phosphoric acid esters. 
Examples of the organic add amides indud caitexylic acid amides, sulfonic add amides and phosphoric acid amides. 
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Examples of the organic acid imides include caiboxylic acid Imides, sulfonic acid imides and phosphoric acid imides. 

Of the organic add esters, the sulfonic acid esters ar particularly useful. Specific preferable examples of sulfonic 
acid esters usable include partial sulfonic acid esters of polyhydric phenols, such as those represented tv the following 
formulae (23) to (27): 




(23) 



(24) 



(25) 



(26) 



(27) 
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Such suHbnrc acid esters can be synthesized from commercially available compounds In accordance with a method 
known perse in the art. 

These PAGs may be used either singly or in any combination thereof. The proportion of these PAGs to be incorpo- 
rated is generally 0.01 part by weight, preferably 0.2 parts by weight in terms of the lower limit per 100 parts by weight 
of the polymer (a) having groups cleavaWe by an acid used in the present invention, and generally 50 parts by weight, 
preferably 30 parts by weight in terms of the upper limit. Proportions lower than 0.01 part by weight result in a resist 
composition substantially inpossible to form any pattern. On the other hand, proportions exceeding 50 parts by weight 
result In a resist composition which causes problems that It tends to cause partial InsolUbilizatlon upon development, 
and the form of a pattern formed therefrom is deteriorated. Such a low or high proportion Is hence not preferable from 
the viewpoint of resist performance. 

Organic solvent and the Ilka: 

The resist composition according to the present invention is used in a state that it is dissolved in a solvent. As the 
solvent, there may be used those comnwnly employed as solvents for resist compositions. Examples thereof include 
ketones such as acetone, methyl ethyl ketone, cyclohexanone, cydopentanone and cycloheptanone: alcohols such as 
n-propanol. isopropanol, n-butanol, isobutanol, t-butanol and cydohexanoi; ethers such as ethylene glycol dimethyl 
ether, ethylene glycol diethyl ether and dioxane: alcohol ethers such as ethylene glycol dimetiiyl ether, ethylene glycol 
monoethyl ether, propylene glycol monomethyl ether and propylene glycol monoethyl ether; esters such as propyl for- 
mate, butyl formate, propyl acetate, butyl acetate, methyl propionate, ethyl propionate, methyl butyrate and etfiyl 
butyrate; esters of hydroxycarboxylic adds, such as methyl 2-hydroxypropionate, ethyl 2-hydroxypropionate, methyl 2- 
methoxypropionate and ethyl 2-metiioxypropionate; cellosolve esters such as cellosdve acetate, methylcellosolve ace- 
tate, ethylcellosolve acetate, propylcellosolve acetate and butylcellosolve acetate; propylene glycols such as propylene 
glycol, propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate and propylene glycol 
monobutyl ether; diethylene glycols such as diethylene glycol monomethyl ether, diethylene glycol nmioethyl ether, 
diethylene glycol dimethyl ether and diethylene glycol diethyl ether; halogenated hydrocarbons such as trichloroethyl- 
ene; aromatic hydrocarbons such as toluene and xylene; and polar solvents such as N.N-dimethylformamide. N.N- 
dimelhylacetamide. dimethylfbrmamide. N-methylacetamide and N-mettiylpyrrolidone. These solvents may be used 
either singly or in any combination thereof. These solvents are used in an amount sufficient to uniformly dissolve the 
individual components. 

In tiie present invention, additives comnfx)nly added to resist compositions, for example, tiiose compatible with tiie 
above components, such as surfectants, storage stabilizers, sensitizers and anti-striation agents, may be contained as 
additives. 

An aqueous solution of an alkali is generally used as a developer for tiie resist composition of the present invention. 
Specific examples tiiereof indude aqueous solutions of inorganic alkalis such as sodium hydroxide, potassium hydrox- 
ide, sodium silicate and ammonia; aqueous solutions of primary amines such as ethylamine and propylamine; aqueous 
solutions of secondary amines such as dietiiylamine and dipropylamine; aqueous solutions of tertiary amines such as 
trimethylamine and triethylamine; aqueous solutions of alcohol amines such as diethytetiianolamine and trleth- 
anolamlne; and aqueous solutions of quaternary ammonium hydroxides such as tetramethylammonium hydroxide, 
tetraetiiylammonium hydroxide, trimetiiylhydroxymethylammonium hydroxide, triethylhydroxymethylammonium hydrox- 
ide and trimethylhydroxyetfiylammonium li^roxide. As needed, a water-soluble organic solvent such as methanol, eth- 
anol, propanol or etiiylene glycol, a surfectant. a dissolution inhibitor for the resin and/br tiie like may be added to the 
aqueous alkali solution. 

The resist composition according to the present invention optionally comprises the additives in addition to the pol- 
ymer (a) and photo-induced acid generator (b) as described above and is generally dissolved in a solvent to use it as a 
resist composition solution. 

For example, the solution of this resist composition Is applied onto the surface of a substrate such as a silicon wafer 
by a method known perse in tiie art and then dried to remove the solvent, whereby a resist film can be fbrmed. As tiie 
coating method used at this time, spin coating can be recommended in particular. 

The exposure of the resist composition for forming a pattern can be conducted by exposing it to far ultravtolet radi- 
ation. KrF excimer laser beam or electron beam. A heat treatment (post-exposure bake) is furtiier conducted, whereby 
the sensitivity of the resist composition can be more enhanced. 

The resist composition comprising, as essential components, three components of tiie resin binder (A), the photo- 
induced acid generator (B) and the compound (C) having a group cleavaWe by an acid will hereinafter be described. 

Resin binder (A) : 

As the resin binder (A) useful in the practice of the present invention, any resin may be used so feir as it Is a resin 
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soluble in an alkaline developer or a resin which has groups unstable to an acid and can turn solubl in the alkaline 
developer by their decomposition. Examples thereof include novdak resins, partially hydrogenated novdak resins, pol- 
yhydroxystyrene and partially hydrogenated polyhydroxystyrene. Further, copolymers of a monomer having a phenolic 
hydroxyl group with a styrene derivative. (meth]acrylic acid derivative and/or the like, resins obtained by copolymerizing 

5 two or more kinds of monomers having a phenolic hydroxyl group, and the like may be used. 

Further, resins (hereinafter referred to as "modified resins'^ modified with a group unstable to an acid or a group 
containing a group unstable to an acid may be used. The modified resins are preferred in order to wore enhance per- 
formance characteristics such as resolution and contrast Example of the group unstable to an acid include groups 
known as groups deavable by an acid. Specific examples thereof include ethers, esters and carbonates of tertiary 

10 alkyls such as t-butyl, t-amyl, 1-methylcyclopentyl and 1-methylcyclohexyl. Besides, ethers, esters and cartxjnates of 
allyl groups having a substituent may also be used as useful groups unstable to an add. 

No particular limitation is imposed on the molecular weight of the atx>ve resin. However, the upper limit thereof is 
preferably 100,000. more preferably 30,000 from the viewpoint of resolution, while the lower limit thereof is preferably 
1 ,000, more preferably 2,000 from the viewpoint of film-forming property. The resin useful in the practice of the present 

75 invention may be obtained in accordance with a method known per $e in the art. 

Photo>induced acid generator (BY 

As the compound (B) which can form an acid upon exposure to active rays, there may be used the compounds 
20 described above. 

Compound (CY. 

The compound (C) having a group deavable by an add used in the present invention is a compound having a group 
25 containing a sub»stituted allyloxy group having at least one substituent. The group containing this substituted allyloxy 
group may be any group so far as K functions as a group unstable to an acid, which is decomposed by the acid. Specific 
examples thereof include groups represented by the above-described formula (1). 

In the case of the compound (C), a compound to which the substituted allyloxy group is directly bonded is more 
easily synthesized. In such a case, the group containing the sut>stituted allyloxy group may be a substituted allyloxy 
30 group represented by the following formula (28): 



35 




(28) 



wherein to are independently selected from among a hydrogen atom, halogen atoms, a nitro group, a cyano 
group, alkyi groups which may be substituted, alkenyl groups which may be sut>stituted, alkadienyl groups which may 

40 be substituted, and a vinyl group which may be substituted, at least one of R** to R^ is a sut>stituent other tiian the hydro- 
gen atom. R^ and R"^, R^ and R^ and R^ and R^ may independentiy form a ring, and the individual substituents each 
have at most 12 carbon atoms. 

The compound (C) is preferably a compound having a structure that the substituted allyloxy group having at least 
one substituent is bonded directly or through a divalent organic group to an aromatic compound or an organic com- 

45 pound having at least two rings and at least 10 carbon atoms. 

As specific examples of compounds having preferable substituted allyloxy groups according to the present inven- 
tion, may be mentioned compounds represented by the following formula (29): 



so 



55 




(29) 
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wherein to are independently selected from among a hydrogen atom, halogen atoms, a nitro groif). a cyan 
group, alkyi groups which may be substituted, alkenyl groups which may b substituted, alkadienyl groups which may 
be substituted, and a vinyl group which may be substituted, at least one of to is a substituents other than the 
hydrogen atom, R^ and R^, R^ and R^ and R^ and R^ may Independently form a ring. R® and R^ are independently a 
hydrogen atom or an alkyI group which may be substituted, R^ and R^ are independently a hydrogen atom, a halogen 
atom, an alkyI group, a cyano group or a nitro group. X is a divalent organic group, and the individual substituents each 
have at most 12 carbon atoms. 

Specific examples of such compounds may include compounds of the following formulae (30) to (46): 




(30) 



(31) 



(32) 
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(33) 



(34) 



(35) 



(36) 



(37) 
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(38) 



(39) 



(40) 



(41) 



(42) 



(43) 
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20 



25 




(46) 



Specific examples of compounds having preferable substituted allyloxy groups according to the present invention 
30 may include compounds represented by tiie following formula (47): 




wherein to are independently selected from among a hydrogen atom, halogen atoms, a nitro group, a cyano 
50 group, alkyl groups which may be substituted, alkenyl groups which may be substituted, alkadienyl groups which may 
be substituted, and a vinyl group which may be substituted, at least one of to R^ is a substituents other than the 
hydrogen atom, R^ and R"*. R^ and R®. and R* and R* may independently form a ring. R® to R® are independentiy a 
hydrogen atom or an alkyl group, R^ Is a hydrogen atom, a halogen atom, an alkyl group, a cyano group or a nitro group, 
X Is a divalent organic group, and the individual substituents each have at most 12 cartx)n atoms. 
55 Specific examples of such conipounds may include compounds of the following formulae (48) to (49): 
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(48) 



(49) 



Specific examples of compounds having preferable substituted allyloxy groups according to the present invention 
may include compounds represented by the following formula (50): 




(50) 



wherein to are independently selected from among a hydrogen atom, halogen atoms, a nitro group, a cyano 
group, alkyi group)s which may be substituted, alkenyl groups which may be substituted, alkadienyl groups which may 
be substituted, and a vinyl group which may be substituted, at least one of R^ to R^ is a substituents other than the 
hydrogen atom. R^ and R*. R^ and R^, and R* and R^ may independently form a ring. R® and R^ are independently a 
hydrogen atom or an all^ group. R^ and R^ are independently a hydrogen atom, a halogen atom, an alky! group, a 
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cyano group or a nitro group, X is a single bond or a divalent organic group, and the individual sut)stitu nts each have 
at most 12 carbon atoms. 

Specific examples of such compounds may include compounds of the following formulae (51) and (52): 



10 
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30 




(51) 



(52) 



35 

Specific examples of compounds having preferable substituted allyloxy groups according to the present invention 
may include compounds represented by the follcwing formula (53): 



40 



45 



50 




(53) 



wherein to are independently selected from among a hydrogen atom, halogen atoms, a nitro group, a cyano 
group, alkyi groups which may be substituted, alkenyl groups which may be substituted, alkadienyl groups which may 
55 be substituted, and a vinyl group which may be substituted, at least one of to R^ is a substituents other than the 
hydrogen atom. R^ and R^. R^ and R^. and R^ and R^ may independently form a ring, R^ and R^ are independently a 
hydrogen atom or an alkyI group, n is an integer, preferably 1-10, and the individual substituents each have at most 12 
cart)on atoms. 

Specif ic examples of such compounds may include compounds of the following formula (54) t (57): 
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R' 

RVo^L^R^ 



(58) 



10 



IS 



20 



wherein to are independently selected from among a hydrogen atom, halogen atoms, a nitro group, a cyano 
group, alkyi groups which may be substituted, alkenyl groups which may be substituted, alkadienyt groups which may 
be substituted, and a vinyl group which may be substituted, at least one of to R^ is a substituents other than the 
hydrogen atom, R^ and R"*, R® and R^, and R^ and R^ may independently form a ring, the above substituents each have 
at most 12 cartwn atoms, and R® is a monovalent organic group having at least two rings and at least 10 carbon atoms. 
Specific examples of such compounds may include compounds of the following formulae (59) to (61): 



(59) 
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30 




(60) 



35 



(61) 
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Specific examples of compounds having preferable substituted allyloxy groups according to the present invention 
may include compounds represented by the following formula (62): 




(62) 



55 



wherein R^ to R^ are independently selected from among a hydrogen atom, halogen atoms, a nitro group, a cyano 
group. alkyI groups which may be substituted, alkenyl groups which may be substituted, alkadienyl groups which may 
be substituted, and a vinyl group which may be substituted, at least one f R"" to R^ is a substituents other than the 
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hydrogen atom, and R*, and R®, and R* and R^ may independently form a ring. A is a single bond or a divalent 
organic group, and th individual substituents each have at most 12 carbon atoms. 

Specific examples of such compounds may include compounds of the following formulae (63) to (66): 




wherein R^ to R^ are independently selected from among a hydrog n atom, halogen atoms, a nitro group, a cyano 
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group, alkyi groups which may b substituted, alkenyl groups which may be substituted, alkadlenyl groups which may 
be sut)Stituted, arxJ a vinyl group which may be substituted, at least one of to is a substituents other than the 
hydrogen atom. R^ and R*. R® and R^, and R* and R^ may independently form a ring, R^ to R® are independently a 
hydrogen atom, a halogen atom, an alky! group, a cyano group or a nitro group, X Is a divalent organic group, and the 
Individual substituents each have at most 12 carbon atoms. 

Specific examples of such compounds may include conpounds of the following formulae (68) to (73): 




(68) 



(69) 



(70) 



(71) 



(72) 



(73) 



Specific examples of compounds having preferable substituted allyloxy groups according to the present Invention 
may include compounds represented by the following formula (74): 



25 



EP0 786 701 A1 



10 




(74) 



wherein to are irxleperxlently selected from among a hydrogen atom, halogen atoms, a nitro group, a cyano 
group, alky! groups which may be substituted, alkenyl groups which may be substituted, alkadienyl groups which may 
IS be substituted, and a vinyl group which may be substituted, at least one of R^ to R^ is a substituents other than the 
hydrogen atom, R^ and R"*, R^ and R^, and R"^ and R^ may independently form a ring. X is a divalent organic group, 
and the individual substituents each have at most 12 catbon atoms. 

Specific examples of such compounds may include compounds of the following formulae (75) and (76): 



20 



(75) 

25 " ' 



30 



35 



40 




(76) 



In the above general formulae, specific examples of the substituents represented by R^ to R^ may include the same 
substituents as those mentioned in the formula (1). Of these, alkyi groups having 1-4 carbon atoms are preferred. 

The respective substituents represented by R^ to in the general formula (29). R® to R^ in the general formula 
(47), and R® and R^ in the general formulae (50) and (53) are preferably hydrogen atoms or alkyI groups having 1-4 
45 caitx)n atoms. 

Specific examples of the divalent organic group represented by X in these general formulae include -SO2-. -C(=0)- 
. groups represented by the following formula (77): 

-^^^CH^ (77) 
55 wherein m is 0 or 1 , groups represented by the following formula (78): 
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-C- (78) 

wherein R^^ and R^^ are independently a hydrogen atom, an alkyi group or a phenyl group, or R^^ and R^^ may form 
10 a cyclohexyl ring together, and both substHuents each have at most 12 carbon atoms. Preferable examples of R^^ and 
R^^ in the formula (78) include a hydrogen atom, a methyl group, a phenyl group and a cyclohexyl ring formed together 
by R^^ andR^2 

Specific examples of the divalent organic group represented by A in the general fbrmula (62) include groups repre- 
sented by the fbrmula (78) and the following formula (79): 

15 

r 

— C-0— (79) 
I 

20 



wherein R^ ^ and R^^ are independently a hydrogen atom or an alkyl group having at most 12 cartx^n atoms. 

When alkyl groups are selected as the above respective substituents. a methyl group is particularly preferred from 
25 the viewpoint of easy synthesis. 

Among the above-described compounds, those represented by the formulae (40) to (45), (48), (52). (58), (65), (71), 
(72) and (76) are preferred. 

The compounds (C) having a group containing a substituted allytoxy group used in the present invention may be 
used either singly or in any combination thereof. The proportion of these compounds to be incorporated is generally 2 

30 parts by weight, preferably 8 parts by weight in terms of the lower limit per 100 parts by weight of the resin binder (A), 
and generally 100 parts by weight, preferably 80 parts by weight in terms of the upper limit. Proportions lower than 2 
parts by weight result in a resist composition which may become impossible to form any pattern in some cases. On the 
other hand, proportions exceeding 100 parts by weight result in a resist composition attended by evils such as deterio- 
rated film-forming property. Such a low or high proportion is hence not preferable. 

35 In the resist composition of the present invention comprising the components (A). (B) and (C). proportions of the 
conponents (B) and (C) are 0.01-60 parts by weight, preferably 0.2-30 parts by weight, arxi 2-1 00 parts by weight, pref- 
erably 8-80 parts by weight, respectively, per 100 parts by weight of the component (A). If the proportion of the compo- 
nent (C) is too low. the resulting resist composition becomes impossible to form any pattern. If the proportion is too high 
on the other hand, the resulting resist composition undergoes partial insolubilization upon development, and the form 

40 of a pattern formed therefrom is deteriorated. 

The corrpound (C) cleavable by an add is cleaved at its substituted allyloxy group moiety in the presence of an acid 
derived from the compound (B) which can form an add upon exposure to active rays, and serves to make the resin 
binder (A) alkali-soluble or enhance the solubility of the resin binder in alkali. 

The resist composition comprising the components (A) to (C) is evenly dissolved in an organic solvent to use it. The 

45 solvent, other additives, developing method and the like are the same as desaibed above. 

EXAMPLES 

The present invention will hereinafter be described more specifically by Examples. Inddentally, all designations of 
50 "part" or "parts" and as will be used in the following examples mean part or parts by weight and wt.% unless 
expressly noted. 

[Referential Example 1] Syntiiesis of 3-methyl-2-butenyl bromoacetate: 

55 A l-liter flask was charged with 43.9 g (0.51 md) of 3-methyf-2-buten-1-ol, 51.6 g (0.51 mol) of triethylamine and 
300 ml of dichloromethane. and the mixture was cooled down to 0*>C. While stirring the mixture at O'^C. 100.9 g (0.50 
md) of bromoacetyl bromide were added dropwise over 1 hour, followed by stirring further for 3 hours at room temper- 
ature. Solids were separated by filtration from tiie resultant reaction mixture, and the filtrate was washed 3 times witii 
water and distilled to obtain 66.5 g of 3-methyl'2-butenyl bromoacetate. 
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[Refererrfial Example 2] Synthesis of 1 -methyl-2-butenyl bromoacetate: 

1 •Methyl-2-biJtenyl bromoacetate was obtained in an amount of 48.5 g in the same manner as in Referential Exam- 
pie 1 except that 43.9 g (0.51 mol) of 3-penten-2-ol were used in place of 3-methyl-2-buten-lK)l. 

5 

[Referential Example 3] Synthesis of 1,1-dimethyi-2-pFopenyl bromoacetate: 

1,1-Dimethyl-2-propenyl bromoacetate was obtained in an amount of 25.4 g in the same manner as in Referential 
Example 1 except that 43.9 g (0.51 mol} of 2-methyl-3-buten-2-ol were used in place of 3-methyl-2-buten-1-ol. 

10 

[Referential Example 4] Synthesis of 2-cycloheKenyl bromoacetate: 

2-Cyclohexenyl bromoacetate was obtained in an amount of 50.4 g in the same manner as in Referential Exanple 
1 except that 50.0 g (0.51 mol) of 2-cycIohexen-1-ol were used in place off 3-methyl-2-buten-1-ol. 

15 

[Referential Example 5] Synthesis of 3-methyl-2-butenyl 4-(bromomethyl)phenoxyacetate: 

A 500-ml flask was charged with 20.7 g (0.10 moQ of 3-methyl-2-butenyl bromoacetate obtained in Referential 
Example 1. 12.4 g (0.10 mol) of 4-hydroxybenzylalcohol, 15.2 g (0.1 1 mol) of anhydrous potassium cart)onate, 18.3 g 

20 (0.11 mol) of potassium iodide and 150 ml of acetone, and the mixture was refluxed for 7 hours with stirring. Solids were 
separated by filtration from the resultant reaction mixture, and the filtrate was washed 3 times with water and then con- 
centrated, thereby obtaining 24.0 g of 3-methyl-2-butenyl 4-(hydroxymethyl)-phenQxyacetate. A 500-ml flask was then 
charged with 24.0 g (0.096 mol) of the acetate thus obtained. 20.6 g (0.20 mol) of sodium bromide. 9.4 g (0.12 mol) of 
pyridine and 150 ml of dtmethylformamide, and the mixture was cooled down to 0*C. While stirring the mixture at 0*C, 

25 1 3.7 g (0. 1 2 mol) of mesyl chloride were added dropwise over 1 hour, followed by stinring further for 6 hours. Solids were 
separated by filtration from the resultant reaction mixture, and the filtrate was washed 3 times with water, concentrated 
and then subjected to column chromatography (eluting solvent: n-hexane/ethyl acetate » 10/1), thereby obtaining 1 1.8 
g of 3-methyl-2-butenyt 4-(bromomethyOphenoxyacetate. 

30 (Referential Example 6] Synthesis of 1 ,1 •dimethyl-2-propenyl (4-bromomethyl)phenoxyacetate: 

1 ,1 -Dimethyl-2-propenyl (4-bromomethyl)phenoxyacetate was obtained in an amount of 10.9 g in the same manner 
as in Referential Example 5 except that 20.7 g (0.10 mol) of 1,1-dimethyl-2-propenyi bromoacetate obtained in Refer- 
ential Example 3 were used in place of the ester obtained in Referential Example 1 . 

35 

[Referential Example 7] Synthesis of 3-methyf-2-butenyl chlorooxalate: 

A 1 -liter eggplant type flask was charged with 25.4 g (0.20 mol) of oxalyl chloride and 250 ml of n-heptane. to which 

21.5 (0.25 mol) of 3'methyl-2-buten-1-ol were added dropwise over 3 hours while bubbling nitrogen at room tempera- 
te? ture. followed by stin'ing further for 2 hours. Thereafter, the reaction mixture was concentrated and distilled to obtain 

1 1 .6 g of 3-methyl-2-butenyl chlorooxalate. 

[Referential Example 8] Synthesis of 2-^enyl bromoacetate: 

45 2-Butenyl bromoacetate was obtained in an amount of 50.2 g in the same manner as in Referential Example 1 
except that 36.8 g (0.51 mol) of 2-buten-1-ol were used in place of 3-m6thyl-2-buten-1 -ol. 

[Referential Example 9] Synthesis of 1-methyl-2-propenyl bromoacetate: 

so 1-Methyl-2-propenyl bromoacetate was obtained in an amount of 27.2 g in the same manner as in Referential 
Example 1 except that 36.8 g (0.51 mol) of 3-buten-2-ol were used in place of 3-methyl-2-buten-1-0l. 

[Referential Exanple 10] Synthesis of 3-methyl-24xjtenyloxycartx)nylmethylaled. hydrogenated polyhydroxystyrene: 

55 A 500-ml flask was charged with 1 2.0 g of 1 0% hydrogenated polyhydroxystyrene (Mw = 4,900) and 1 00 ml of DMF 
to prepare a solution. To the solution, were added 4. 1 g (0.02 moQ of 3-methyl-2-butenyl bromoacetate. 6.9 g (0.05 md) 
of anhydrous potassium carbonate and 8.3 g (0.05 mol) of potassium iodide, and the mixture was stinted for 100 hours 
at 50»C in a nitrogen gas stream. Thereafter, the reaction mixture was cooled, and salts formed were removed by filtra- 
tion, and the filtrate was then poured into water to recover pr cipitate deposited. This precipitat was washed each 3 
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times with 0.1% hydrochloric acid and water and dried, th reby obtaining 13.7 g of a polymer. 3-methyl-2-butenyloxy- 
carbonylmethylated, hydrogenated potyhydroxystyrene. The GPC analysis of the polymer thus obtained revealed that 
its Mw was 5.640. Besides, the ^H-NMR spectrum analysis of the polymer revealed that the percent nnodif ication of the 
hydroxyl group was 15%. 

[Referential Example 11] Synthesis of 4-hydroxystyrene/t-butyl methacrylate copolymer: 

A 500-ml flask was charged with 72.1 g (0.60 mol) of 4-hydroxystyrene. 17.1 g (0.12 mol) of t-butyl methacrylate. 
1.5 g (0.009 mol) of azobisisobutyronitrile and 150 ml of dioxane, and the mixture was stin-ed for 100 hours at 80*'C in 
a nitrogen gas stream. The resultant reaction mixture was poured into 5 liters of xylene, and precipitate formed was col- 
lected by filtration. The resultant precipitate was dissolved in 200 ml of diethyl etiier, and the solution was poured into 3 
liters of n-hexane to collect precipitate formed by filtration (reprecipitation process). This reprecipitation process was 
repeated 3 times, and the resultant precipitate was dried to obtain 26.3 g of a 4-Kiydroxystyrene/t-butyl methacrylate 
copolymer. The GPC analysis of the polymer thus obtained revealed that its Mw was 6.41 0. Besides, the ^ H-NM R spec- 
trum analysis of the polymer revealed that the copolymerization ratio of 4-hydroxystyrene to t-butyl methacrylate was 
7iy29. 

[Synthesis Exannple 1] Synthesis of 3-methyl-2-butenylQxycartx>nylmethylated, hydrogenated pdyvinytphenol: 

A 500-ml flask was charged v\rith 12,0 g of 10% hydrogenated poiyvinylphenoi (f^w = 4.950) and 100 mi of dimeth- 
ylformamide to prepare a solution. To the solution, were added 6.2 g (0.03 mol) of 3-methyl-2-butenyl bromoacetate 
obtained in Referential Exanple 1. 6.9 g (0.05 mol) of anhydrous potassium cartx>nate and 8.3 g (0.05 mo\) of potas* 
sium iodide, and the mixture was stirred for 8 hours at 50*C. Thereafter, the reaction mixture was cooled and poured 
into water, and precipitate deposited was collected by filtration. This precipitate was washed each 3 times with 0.1% 
hydrochloric acid and water and dried, thereby obtaining 13.1 g of 3-methyl-2-txJtenyloxycarbonylmethylated, hydro- 
genated poiyvinylphenoi. The GPC analysis of the resin thus obtained revealed that its Mw was 6,310. BesMes, the ^H- 
NMR spectrum analysis of the resin revealed that the percent modrfk;ation of the hydroxyl group was 26%. 

[Synthesis Example 2] Synthesis of 1-methyl-2-butenyloxycart)onylmethylated. hydrogenated poiyvinylphenoi: 

1- Methyl-2-butenytoxycarbonylmethytated, hydrogenated poiyvinylphenoi was obtained in an anx)unt of 11.8 g in 
the same manner as in Synthesis Example 1 except that 6.2 g (0.03 mol) of 1-methyl-2-butenyl bromoacetate obtained 
in Referential Example 2 were used in place of the ester obtained in Referential Example 1. The GPC analysis of the 
resin thus obtained revealed that its Mw was 6.270. Besides, the ^H-NMR spectrum analysis of the resin revealed that 
the percent modification of the hydroxyl group was 25%. 

[Synthesis Example 3] Synthesis of 1.1-dimethyl-2-propenylQxycarbonylated, hydrogenated poiyvinylphenoi: 

1 ,1 -Dimethyl-2-propenyloxycartx)nylated, hydrogenated poiyvinylphenoi was obtained in an amount of 12.2 g in the 
same manner as in Synthesis Example 1 except that 6.2 g (0.03 mol) of 1,1-drmethyl-2-propenyl bromoacetate 
obtained in Referential Example 2 were used in place of the ester obtained in Referential Example 1. The GPC analysis 
of the resin thus obtained revealed that its Mw was 6.290. Besides, the ^H-NMR spectrum analysts of the resin revealed 
that the percent modification of the hydroxyl group was 26%. 

[Synthesis Example 4] Synthesis of 2-cyclohexenylQxycarbonylmethylated, hydrogenated poiyvinylphenoi: 

2- Cyclohexenyloxycarbonylmethylated. hydrogenated poiyvinylphenoi was obtained in an amount of 10.9 g in the 
same manner as in Synthesis Example 1 except that 6.6 g (0.03 mol) of 2-cyclohexenyl bromoacetate obtained in Ref- 
erential Example 4 were used In place of the ester obtained in Referential Example 1. The GPC analysis of the resin 
thus obtained revealed that its Mw was 6.340. Besides, the ^H-NMR spectrum analysis of the resin revealed that the 
percent modification of the hydroxyl group was 25%. 

[Synthesis Examples] Synthesis of 4-(3-methyl-2-butenyloxycarbonylmethylQxy)k>enzylated, hydrogenated poiyvinyl- 
phenoi: 

4-(3-Methyl-2-butenyloxycarbonylmethyioxy)-benzylated. hydrogenated poiyvinylphenoi was obtained in an 
amount of 17.4 g in the same manner as in Synthesis Example 1 except that 9.4 g (0.03 md) of 2-methyi-2-butenyl 4- 
(bromomethyl)phenoxyacetate obtained in Referential Example 5 were used in place of the ester obtained in Referen- 
tial Example 1. The GPC analysis of the resin thus obtained revealed that its Mw was 7,510. Besides, th ^H-NMR 
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spectrum analysis of the resin res^ealed that the percent modification of the hydroxyl group was 25%. 

[Synthesis Example 6] Synthesis of 4>(1 , 1 -dimethyl-2-propenyloxycarbonylmethylQxy}benzylated. hydrogenated polyvi- 
nylphenol: 

4-(1.1-Dimethyl-2-propenyloxycarbonylmethyloxy)-benzylated, hydrogenated polyvinylphenol was obtained in an 
amount of 1 7.2 g in the same manner as in Synthesis Example 1 except that 9.4 g (0.03 mol) of 1 .1 •dimethyl-2-propenyl 
4'(bn>momethyl}phenQxyacetate obtained in Referential Example 6 were used in place of the ester obtained in Refer- 
ential Example 1 . The GPC analysis of the resin thus obtained revealed that its Mw was 7,420. Besides, the ^H-NMR 
spectrum analysis of the resin revealed that the percent modification of the hydroxyl group was 24%. 

[Synthesis Example 7] Synthesis of 3-methyl-2-butenyloxycarbonylmethylated, hydrogenated polyvinylphenol: 

3-Methyl-2-butenylQxycartx>nylmethylated, hydrogenated polyvinylphenol was obtained in an amount of 12.1 g In 
IS the same manner as in Synthesis Example 1 except that 12.0 g of polyvinylphenol (Mw » 4,800) were used in place of 
10% hydrogenated polyvinylphenol. The GPC analysis of the resin thus obtained revealed that its Mw was 6»220. 
Besides, the ^H-NMR spectrum analysis of the resin revealed that the percent modification of the hydroxyl group was 
28%. 

20 [Synthesis Example 8] Synthesis Of 3'me1hyl-2-butenyloxycarbonylcartx)nylated polyvinylphenol: 

After a 300-ml eggplant type flask was charged with 12.0 g of polyvinylphenol (Mw » 4,800) and 100 ml of THF to 
prepare a solution. 10.1 g (0.1 mol) of triethylamlne were added to the solution. While cooling this solution down to O'^C 
and stirring. 12.4 g (0.07 moQ of 3-methyl-2-butenyl chlorooxalate obtained in Referential Exarpple 7 were added drop- 
wise over 1 hour, followed by stirring for 3 hours at O^C. After completion of the reaction, deposit in the reaction mixture 
was removed by filtration, and the filtrate was poured into a 3% aqueous solution of sodium hydrogencarfcx>nate. and 
precipitate formed was separated by filtration. Tills precipitate was washed each 3 times with 0.1% hydrochloric acid 
and water and dried under reduced pressure, thereby obtaining 15.9 g of 3-methyl-2-txjtenyloxycarlx)nylcarbonylated 
polyvinylphenol. The GPC analysis of the resin thus obtained revealed that its Mw was 6,420. Besides, the ^H-NMR 
spectrum analysis of the resin revealed that the percent modification of the hydroxyl group was 31%. 

[Synthesis Example 9] Synthesis of 3-methyl-2-butenyloxycarbonylated polyvinylphenol: 

After a 500-ml eggplant type flask was charged with 12.0 g of polyvinylphenol (Mw = 4.800) and 200 ml of THF to 
35 prepare a solution. 9.1 g (0.09 mol) of triethylamlne were added to refrigerate the mixture down to -30^C. To this mix- 
ture, 7.4 g (0.05 mol) of 3-methyl-2-butenyl chloroformate were added dropwise over 1 hour at -SO^C. After the addition, 
the resultant mixture was stirred further for 5 hours at -30**C. Thereafter, the reaction mixture was poured into a 3% 
aqueous solution of sodium hydrogencarbonate, and precipitate formed was separated by filtration. This precipitate was 
washed each 3 times with 0.1% hydrochloric acid and water and dried, thereby obtaining 13.8 g of 3-methyl-2-buteny- 
40 loxycarbonylated polyvinylphenol. The GPC analysis of the resin thus obtained revealed that its Mw was 6.090. 
Besides, the ^H-NMR spectrum analysis of the resin revealed that the percent modification of the hydroxyl group was 
29%. 

[Synthesis Example 10] Synthesis of 3-methyl'2-butenylated polyvinylphenol: 

45 

A 300-mI eggplant type flask was charged with 12.0 g of polyvinylphenol (Mw = 4,800) and 100 ml of acetone to 
prepare a solution. After the preparation of the solution. 1 1 .9 g (0.08 mol) of 1 -bromo-3-methyl-2-butene (product of 
Tokyo Kasei Kbgyo Co.. Ltd.). 15.2 g (0.1 1 mol) of anhydrous potassium cartxxiate and 18.3 g (0.1 1 mol) of potassium 
iodide were added, and the mixture was refluxed for 6 hours. After cooling the reaction mixture, salts formed were 
so removed by filtration, and the filtrate was poured into 5 liters of water. Precipitate formed was separated by filtration and 
dried, thereby ot)taining 13.7 g of 3-methyl-2-butenylated polyvinylphenol. The GPC analysis of the resin thus obtained 
repealed that its Mw was 5,660. Besides, the ^H-NMR spectrum analysis of the resin revealed that the percent modifi- 
cation of the hydroxyl group was 32%. 

55 [Synthesis Exanrple 11] Synthesis of 2-butenyloxycarbony1methy1ated polyvinylphenol: 

2-Buten>ioxycart)ony)methylated polyvinylphenol was obtained in an amount of 12.8 g in the same manner as in 
Synthesis Example 1 except that 5.8 g (0.03 mol) of 24xJtenyl bromoacetate obtained in Referential Example 8 were 
used in place of th ester obtained in R ferential Example 1 . The GPC analysis of the resin thus obtained revealed that 
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its Mw was 6.250. Besid s, the ^H-NMR spectrum analysis of the resin revealed that the percent modificati n of the 
hydroxyl group was 28%. 

[Synthesis Example 12] Synthesis of 1-methyl-2-propeny!oxycart)onylmethyiated polyvinylphend: 

1- Methyl-2-propenyloxycartx)nylmethylated polyvinylphenol was obtained in an amount of 12.5 g in the same man- 
ner as in Synthesis Example 1 except that 5.8 g (0.03 mol) of 1 -methyl-2-propenyl bromoacetate obtained In Referential 
Example 9 were used in place of the ester obtained in Referential Example 1. The QPC analysis of the resin thus 
obtained revealed that its Mw was 6.200. Besides, the ^H-Nf^R spectrum analysis of the resin revealed that the percent 
modification of the hydroxyl group was 27%. 

[Synthesis Example 13] Synthesis of 2-propenylated polyvinylphenol: 

2- Propenylated polyvinylphenol was obtained in an amount of 1 3.1 g in the same manner as in Synthesis Example 
10 except that 9.7 g (0.08 mol) of allyl bromide were used in place off 1 -bromo-3-methyl-2-butene. The GPC analysis of 
the resin thus obtained revealed that its Mw was 5.440. Besides, the ^H-NMR spectrum analysis of the resin revealed 
that the percent modification of the hydroxyl group was 36%. 

[Synthesis Example 14] Synthesis of 4-hydroxystyrene/3-methyl-2-butenyl methaaylate copolymer: 

A 1 -liter flask was charged with 72.1 g (0.60 mol) of 4-hydroxystyrene. 49.2 g (0.60 mol) of 2-methyl-2-butenyl 
methacrylate, 1 .5 g (0.009 mol) of azobisisobutyronitrile and 300 ml of dioxane, and the mixture was stin'ed for 20 hours 
at 20*C In a nitrogen gas stream. The resultant reaction mixture was poured into 5 liters of xylene, and precipitate 
formed was collected by filtration. The resultant solids were dissolved in 300 ml of acetone, and the solution was poured 
into 4 liters of n-hexane to collect precipitate formed by filtration (reprecipitation process). This reprecipitation process 
was repeated 3 times, and the resultant precipitate was then dried to obtain 103.5 g off a 4-hydroxystyrene/3-methyl-2- 
butenyl methacrylate copolymer. The QPC analysis off the copolymer thus obtained revealed that its Mw was 8.800. 
Besides, the ^ H-NMR spectrum analysis of the polymer revealed that the copolymerization ratio of 4-hydroxystyrene to 
3-methyl-2-butenyl methacrylate was 53/47. 

[Examples 1-13, Comparative Examples 1-3] 

Dissolved in 440 parts of ethyl lactate were 100 parts of each of the respective resins obtained in Synthesis Exam- 
ples 1-13 (systems in which the resins of Synthesis Examples 1-10 were separately used are Examples 1-10, respec- 
tively, while systems in which the resins off Synthesis Examples 1 1 -13 were separately used are Comparative Exanples 
1-3. respectively), 5 parts of triphenylsulfonium triflate as a photo-Induced acid generator and 0.01 part of a fluorine- 
containing surfactant. The solution was filtered through a polytetraffluoroethylene filter (product of Nihon Millipore Ltd.) 
having a pore size of 0. 1 fim to prepare a resist solution. 

After applying the resist solution on a silicon wafer by a spinner, the resist solution was baked for 90 seconds at 
90''C. thereby forming a resist film having a thickness of 1 .0 jim. The silicon wafer on wfhich the resist film had been 
formed was exposed by means of an excimer stepper (NA = 0.45) and a test reticle. 

Thereafter, the silicon wafer on which the resist solution containing each of the resins of Synthesis Examples 11- 
13 had been coated was baked for 60 seconds at 1 10*C. while the silicon waffer making use of the resist solution con- 
taining each of the resins of Synthesis Examples 1-10 was baked for 60 seconds at SO^C. Each off the thus-baked 
waffers was then developed by immersion developing in an aqueous solution off tetramelhylammonium hydroxkJe for 1 
minute, thereby obtaining a positive pattern. 

The sensitivity and resolution off the resist ffilms thus obtained were as shown in Table 1. 
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Table 1 





Resin 


Sensi- 
tivity 
(*1) 


Reso- 
lution 
(*2) 




1 


3 -Methyl - 2 -butenyloxycarbonylme thyl - 
ated, hydrogenated polyvlnylphenol 


12 


0.250 




2 


1 -Methyl - 2 -but enyloxycarbonylme thyl - 
ated, hydrogenated polyvlnylphenol 


29 


0.275 




3 


1 , 1- Dimethyl -2 -propenyloxycarbonyl - 
methylated, hydrogenated 
polyvlnylphenol 


8 


0.250 




4 


2 -Cyclohexenyloxycarbonylmethylated , 
hydrogenated polyvlnylphenol 


38 


0.325 


icample 


5 


4- ( 3-Methyl- 2-butenyloxyGarbonyloxy ) - 
methylated, hydrogenated 
polyvlnylphenol 


32 


0.275 




6 


4 - ( 1 , 1 -Dimethyl - 2 -propenyloscy- 
carbony Ime thoxy ) benzylated , 
hydrogenated polyvlnylphenol 


28 


0.275 




7 


3 -Methyl- 2 -butenyloxycarbony Ime thyl - 
ated polyvlnylphenol 


10 


0.250 




3 


3 -Methyl- 2-butenyloicycarbonylcarbonyl- 
ated polyvlnylphenol 


8 


0.275 




9 


3 -Methyl- 2-butenyloxycarhonylated 
polyvlnylphenol 


7 


0.250 




10 


3 -Me thyl - 2 - butenylat ed polyvlnylphenol 


10 


0-275 


mple 


1 


2 -Bu tenyloxycarbonylmethylated , 
hydrogenated polyvlnylphenol 


36 


0.375 


X 
H 


2 


1 - Methyl - 2 - propenyloxycarbony Imethy 1 - 
ated, hydrogenated polyvlnylphenol 


20 


0.375 


Comp 


3 


2-Propenylated polyvlnylphenol 


No pattern was 
formed 


(*1) 


The 


unit of the sensitivity is mJ/cm^. 






(*2) 


The 


unit of the resolution is M m. 







No pattern was formed in the composition 
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(Comparative Example 3} comprising the resin binder 
having unsubstltuted allyloxy groups, so that It was 
Impossible to use such a composition as a resist. 



In particular, the systems (Examples 1 -1 0} in which the number of the substituents In the substituted allyloxy groups 
of the resin binders is 2 or more exhibit higher sensitivity though their baking temperature is lower (exposure conditions 
are weaker) than that in the systems (Comparative Examples 1 and 2) in which the number of the substituents is 1 . 
Besides, the systems (Examples 1 and 3) in which no substituent exists at the 1iX>sition. and two substituents exist at 
the 1 -position are superior in sensitivity and resolution to the system (Example 2) in which one siibstituent exists at the 
1 -position. 

[Example 1 1] 

A process was conducted in the same manner as in Examples 1-10 except that the 4-hydroxystyrene/3-methy1-2- 
butenyl methacrylate copolymer obtained in Synthesis Example 14 was used as the resin. As a result, sensitivity and 
resolution were found to be 8 \xJ/cm^ and 0.25 ^m, respectively. 

The resist compositions used in Examples 3 and 1 1 were separately used to obtain line & space patterns at inter- 
vals of 5 \im. With respect to the respective patterns, a heat resistance test was performed under conditions that UV 
cure was carried out or not. As a result, the temperatures of heat resistance were as shown in Table 2. Incidentally, the 
tenrperature of heat resistance indicates a temperature at which the edge of a pattern starts to be deformed. 

(Conditions of UV cure > 

Low pressure mercury lamp, 500 mW, 90°C/1 min. 
(Conditions of heat resistance test ) 

Treated for 5 minutes on a hot plate at a preset temperature. 



Table 2 



Example 


Conducting no UV cure 


Conducting UV cure 


3 


115*C 


At least 180*C 


11 


125*»C 


At least 180*C 



As described above, it was found that the oonrpositions according to tiie present invention can achieve excellent 
performance characteristics as resists. 

Further, the resin binders according to the present invention contain carix)n-carbon double bonds derived from the 
substituted allyloxy group serving as an acid-unstable group and hence permit conducting UV cure which has been 
unable to be conducted in the conventional resin binders containing acid-unstable groups free of any unsaturated bond. 
As a result, there is also achieved an effect that pattern sag (flow under heat) which may occur upon etching becomes 
hard to occur. 

[Synthesis Example ^5^ Symhesis cf 4-(3HTiethyl-24xjtenylQxycartX)nylmetiTylQxy)sryrene/4-hydroKystyrene/^ 
methacrylate copolymer: 

0 Polymerization process: 

A 500-mI flask was charged with 72.1 g (0.60 mol) of 4-hydroxystyrene, 1 7.0 g (0.12 mol) of n-butyl methacrylate. 
1.5 g (0.009 moi) of azobisisobutyronitriie and 150 ml of dtoxane, and tiie mixture was stirred for 20 hours at dO^'C in a 
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nitrogen gas stream. The resultant reaction mixture was poured into 5 liters of xyl ne, and precipitate formed was col- 
lected by filtration. The resultant solids were dissolved in 200 ml of diethyl ether, and the solution was poured into 3 lit rs 
of n-hexane to collect precipitate formed by filtration (reprecipitation process). This reprecipitation process was 
repeated 3 times, and the resultant precipitate was then dried to obtain 23.6 g of a 4-hydroxystyrene/n-bulyf methacr- 
ylate copolymer. The GPC analysis of the polymer thus obtained revealed that its Mw was 5.600. Besides, the ^H-NMR 
spectrum analysis of the polymer revealed that the copolymerization ratio of 4-hyclroxystyrene to n-butyl methacrylate 
was 68/32. 

® Modification process: 

A 500 ml-flask was charged with 23.6 g of the 4-hydroxystyrene/n-butyl methacrylate copolymer previously 
obtained and 150 ml of acetone to prepare a solution. To the solution, were added 7.7 g (0.037 mol) of 3-methyl-2-bute- 
nyi bromoacetate obtained in Referential Example 1, 6.9 g (0.05 mol) of anhydrous potassium carbonate and 8.3 g 
(0.05 mol) of potassium iodide, and the mixture was stirred for 8 hours at 50'C. After solids were removed from the 
resultant reaction mixture, the residue was poured into 5 liters of n-hexane. and precqsitate formed was oollected by fil- 
tration. The resultant solids were dissolved in 1 00 ml of diethyl ether, and the solution was poured into 5 liters of hexane 
to collect precipitate formed by filtration (reprecipitation process). This reprecipitation process was repeated twice, and 
the resultant precipitate was then dried to obtain 28.3 g of a 4-(3-methyl-2-butenyloxycarbonylmethyloxy)styrene/4- 
hydroxystyrene/n-butyl methacrylate copolymer. The GPC analysis of the copolymer ttius obtained repealed that its Mw 
was 5,660. Besides, tiie H-NM R spectrum analysis of the resin revealed that the copolymerization ratio off 4-(3-methyl- 
2-butenyloxycartx)nylmethyloxy)styrene to 4-hydroxystyrene to n-butyl methacrylate was 23/49/28. 

[Synthesis Example 16] Synthesis of 4-(3-methyl-2-butenyloxycarbonylmethyloxy)styrene/4-hydroxystyrene/ethyl 
methacrylate copolymer: 

0 Polymerization process: 

A process was conducted In the same manner as in Synthesis Example 15, Process (D except that 13.7 g (0.12 
mol) of ethyl methacrylate were used, tfiereby obtaining 21.9 g of a 4-hydroxystyrene/ethyl metiiacrylate copolymer. 
The GPC analysis of the polymer thus obtained revealed that its Mw was 6.150. Besides, the ^H-NMR spectrum anal- 
ysis of tiie polymer revealed that the copolymerization ratio of 4-hydroxystyrene to ethyl methacrylate was 71/29. 

® Modif ication process: 

A process and drying were conducted in the same manner as in Synthesis Example 15, Process ® except that 
21.9 g of the 4-hydroxystyrene/ethyl methacrylate copolymer previously obtained were used, tiiereby obtaining 26.4 g 
of a 4-(3-metiiyl-2-butenylaxycarbonylmethyloxy)styrene/4-hydrQxystyrene/ethyl methacrylate copolymer. The GPC 
analysis of tfie copolymer thus obtained revealed that its Mw was 6, 1 50. Besides, the ^ H-NM R spectrum analysis of the 
resin revealed that tiie copolymerization ratio of 4-(3-metiiyl-2-butenyloxycarbonylmethyloxy)styrene to 4-hydroxysly- 
rene to ethyl methacrylate was 20/51/29. 

[Synthesis Example 17] Synthesis off 4-(3-methyl-2-butenyloxycarbonylmettiylQxy)styrene/4-hydroxystyrene/2-hydrox- 
yetiiyl methacrylate copolymer: 

® Polymerization process: 

A process was conducted in the same manner as in Syrthesis Example 15. Process ® except that 15.6 g (0.12 
mol) of 2-hydrQxyethyl methacrylate were used, ttiereby obtaining 22.2 g of a 4-hydroxyslyren€/2-hydroxyethyl methacr- 
ylate copolymer. The GPC analysis of the polymer thus obtained revealed that its Mw was 6,300. Besides, the ''H-NMR 
spectrum analysis of tiie polymer revealed that tiie copolymerization ratio of 4-hydra)cy-styrene to 2-hydrDxyethyl meth- 
acrylate was 74/26. 

® Modification process: 

A process and drying were conducted in the same manner as in Syntiiesis Example 15, Process ® except that 
22.2 g of the 4-hydroxystyrene/2-hydroxyethyl methacrylate copolymer previously obtained were used, tiiereby obtain- 
ing 26.5 g of a 4-(3-methyl-2-butenyloxycarbonylmethyloxy)styrene/4-hydroxystyrene/2-hydroxyethyl methacrylate. The 
GPC analysis of tfie copolymer thus obtained revealed that its Mw was 6.350. Besides, the ^H-NMR spectrum analysts 
off the resin revealed that the copolymerization ratio f 4-{3-methyl-2-butenyloxycaibonylmetiTylQxy)styrene to 4-hydrax- 
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ystyrene to 2-hydroxyethyl methacrylate was 23/52/25. 

[Synthesis Example 18] Synthesis of 4-(3-methyl-2-butenyloxycartx)nylmethyloxy)styrene/4-hydroxystyrene/1-methyl- 
cyclohexyl methacrylate copolymer: 

C) Polymerization process: 

A process was conducted in the same manner as in Synthesis Example 15, Process <D except that 21 .8 g (0.12 
md) of 1-methylcyclohexyl methacrylate were used. theret)y obtaining 25.9 g of a 4-hydroxystyrene/1-methylcyclohexyl 
methacrylate copolymer. The GPC analysis of the polymer thus obtained revealed that its Mw was 6.450. Besides, the 
^H-NMR spectrum analysis of the polymer revealed tiiat the copolymerizatlon ratio of 4-hydrQxy8tyrene to 1-methylcy- 
clohexyt methacrylate was 77/23. 

0 Modification process: 

A process and drying were conducted in the same manner as in Synthesis Example 15, Process (S) except that 
25.9 g of the 4-hydroxystyrene/1-methylcyclohexyl methacrylate copolymer previously obtained were used, thereby 
obtaining 30.1 g of a 4-(3-methyl-24xitenyloxycarbonylmethyloxy)styrene/4-hydroxystyrene/1-methylcyd meth- 
acrylate copolymer. The GPC analysis of the copolymer thus obtained revealed that its Mw was 6.450. Besides, the ^ H- 
NMR spectrum analysis of the resin revealed that the copolymerization ratio of 4-(3-methyl-2-butenyloxycaibonylmeth- 
yloxy)styrene to 4-hydroxystyrene to 1-methylcyclohexyl methacrylate was 23/52/25. 

[Synthesis Example 19] Synthesis of 4-(1-methyl-2-butenyloxycai1x)nylmethyloxy)styrene/4-hydroxystyrene/n-butyl 
methacrylate copolymer: 

A process and drying were conducted in the same manner as in Synthesis Example 15, Process ® except that a 
4-hydroxystyrene/n-butyl methacrylate copolymer obtained in accordance with the same process as in Synthesis 
Example 15, Process ® was used, thereby obtaining 28.0 g of a 4-(1-methyl-2-butenyloxycarbonylmethyloxy)sty- 
rene/4-hydroxystyrene/n-butyl metiiacrylate copolymer. The GPC analysis of the copolymer thus obtained revealed that 
its Mw was 5,800. Besides, the ^ H-NMR spectrum analysis of the resin revealed that the copolymerization ratio of 4-(1 - 
m6thyl-243utenylQxycarbonylmethylaxy)styrene to 4-hydraxystyrene to n-butyl methacrylate was 25/47/28. 

[Synthesis Example 20] Synthesis off 4-{1-methyl-2-butenyloxycarbonylmethyloxy)styrene/4-hydroxystyrene/ethyl 
methaaylate copolymer: 

A process and drying were conducted in the same manner as in Synthesis Example 16. Process ® except that a 
4-hydroxystyrene/ethyl methacrylate copolymer obtained in accordance with the same process as in Synthesis Exam- 
ple 16. Process ® was used, thereby obtaining 26.2 g of a 4-(1 -methyl -2-butenyloxycartx>nylmethylQxy)styrene/4- 
hydroxystyrene/ethyl methacrylate copolymer. The GPC analysis of ttie copolymer thus obtained revealed that its Mw 
was 6, 1 60. Besides, tiie ^ H-NMR spectrum analysis of the resin revealed that the copolymerization ratio of 4-(1 -methyt- 
2-butenyloxycarbonylmetfiyloxy)-styrene to 4-hydroxystyrene to ethyl methacrylate was 29/44/27. 

[Synthesis Example 21] Synthesis off 4-{1-melhyl-2-butenyloxycaitx)nylmethyfQxy)slyrene/4-hydroxystyrene/2-hydrox- 
yethyl methacrylate copolymer: 

A process and drying were conducted in the same manner as in Synthesis Example 17, Process ® except that a 
4-hydroxystyrene/2-hydroxyethyl methacrylate copolymer obtained in accordance with the same process as in Synthe- 
sis Example 17. Process Q) was used, thereby obtaining 25.8 g of a 4-(1-methyl-2-butenyloxycarbonylmethyloxy)sty- 
rene/4-hydroxystyrene/2-hydroxyethyl methacrylate copolymer. The GPC analysis of the copolymer thus obtained 
revealed that its Mw was 6.250. Besides, tiie ^ H-NMR spectrum analysis of the resin revealed that the copolymerization 
ratio of 4-{1-metiTyl-2-butenyloxy-cart)onylmethyloxy)styrene to 4-h^roxystyrene to 2-hydroxyethyi methacrylate was 
25/46^9. 

[Synthesis Example 22] Synthesis of 4-(1.<nelhyl-2-butenyloxycai1X)nylmetiTyloxy)styrene/4-hydrQxystyrene/1-methyl- 
cyclohexyl methacrylate copolymer: 

A process and drying were conducted in tfie same manner as in Synthesis Example 18. Process ® except that a 
4-hydroxystyrene/1-methylcyclohexyl methacrylate copolymer obtained in accordance with the same process as in 
Synthesis Example 18, Process ® was used, thereby obtaining 29.8 g of a 4-{1-methyl-2-butenyloxycarbonylmelhyl- 
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oxy)styrene/4-hydroxystyrene/1-methylcyclohexyl methacrylat copolymer The GPC analysis of the cxjpolymer thus 
obtained revealed that Its Mw was 6,350. Besides, the ^ H-NMR spectrum analysis f the resin revealed that the copol- 
ymerization ratio of 4-(1-methyl-2-butenyfoxycarbonylmethyloxy)styrene to 4-hydroxystyrene to l-methytcyclohexyl 
methacrylate was 24/50/26. 

[Examples 12-19, Comparative Example 4] 

Dissolved in 440 parts of ethyl lactate were 100 parts of each of the respective resins obtained in Synthesis Exam- 
ples 15-22 and t-butyl acetate-modified poly(4-vinylphenol) (weight average molecular weight (Mw) « 6,000 as meas- 
ured by GPC analysis) prepared as a comparative example in accordance with the process described in Japanese 
Patent Application Laid-Open No. 249673/1 993, 5 parts of triphenylsulfonium trif late as a photo-induced acid generator 
and 0.01 part of a fluorine-containing surfactant. The solution was filtered through a polytetrafluoroethylene filter (prod- 
uct of Nihon Millrpore Ltd.) having a pore size of 0.1 ^im to prepare a resist solution. 

After applying the resist solution on a silicon wafer by a spinner, the resist solution was baked for 90 seconds at 
90**C, thereby forming a resist film having a thickness of 1.0 ^im. The silicon wafer on which the resist film had been 
formed was exposed by means of a KrF excimer stepper (NA = 0.45) and a test reticle. Thereafter, the silicon wafer on 
which the resist solution had been coated was baked for 60 seconds at 90*C and then developed by Immersfon devel- 
oping in an aqueous solution of tetramethylammonium hydroxide for 1 minute, thereby obtaining a positive pattern. The 
results are shown in Table 3. 
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Table 3 



5 






Structure of 


resin ( 


♦1) 














Foonula 
(16) 


Fomula 
(18) 


Mw 


k/m/n 


Sensi- 
tivity 

(♦2) 


Reso- 
lution 


Pattern 
forrn 


10 






R4 


Rs 




(*3) 


(*4) 






12 




n-Butyl 


5« odO 


23/49/28 


12 


0.250 


Good 


IS 




13 




Ethyl 


6, 150 


20/51/29 


11 


0.250 


Good 




14 


3-Methyl- 
2-butenyl- 
oxycar bo- 
ny Imethyl- 
oxy 


2-Hy. 

droxy- 

ethyl 


6,350 


23/52/25 


15 


0.275 


Good 


20 


ample 


15 


l-Me- 
thyl- 
cyclo- 
hescyl 


6,450 


23/52/25 


16 


0.250 


Good 


25 


N 


16 




n-Butyl 


5 » 600 


25/47/28 


10 


0.250 


Good 




17 


1- Methyl- 

2- butenyl- 
oxycarbo- 
nylmethyl- 


Ethyl 


6,150 


29/44/27 


11 


0.275 


Good 


30 




18 


2-Hy- 

<Jroxy- 

ethyl 


6,250 


25/46/29 


14 


0.275 


Good 






19 


oxy 


1-Me- 
thyl- 
cyclo- 
hexyl 


6.350 


24/50/26 


15 


0.275 


Good 


35 


oonp. 
fix. 4 






6,000 




18 


0.325 


Poor 



(*1) In common to all the resins of Examples 12-19, Ri 

40 

and R2 In the formulae (16) and (17) are hydrogen atoms. 



and R3 In the formula (18) is a methyl group. The resin 
of the comparative Example is t-butyl acetate -modified 
poly(4-vinylphenol) . 

(*2) The unit of the sensitivity is mJ/cm^. 

(*3) The unit of the resolution is M m. 

(*4) The pattern form was regarded as "good" where the 
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side wall was perpendicular » and the bottom Is clear, or 
^ "poor" where the top was In the shape of T In section » 

the side wall was not perpendicular, and many 
Insolubillzed portions were recognized at the bottom upon 
development * 



IS (t was found from the above results that the use of the resins according to the present invention can achieve ideal 
sensitivity, high resolution and good pattern form. Besides, the resins according to the present invention contain carbon- 
caibon double bonds derived from the substituted allyloxy group represented by the formula (16) and hence permit con- 
ducting UV cure which has been unable to be conducted in the conventional resins containing acid-unstable groups free 
of any unsaturated bond. As a result, it was also found that such resins have an effect (high etching resistance and heat 

20 resistance) that pattern sag under heat, which may occur upon etching, becomes hard to occur. 

[Synthesis Example 23] Synthesis of bisphenol A bis(3-methyt-2-butenyt) ether: 

After a 300-ml flask was charged with 17.9 g (0.12 mol) of 1-bromo-3-methyl-2-butene and 11.4 g (0.05 mol) of 
25 bisphenol A to dissolve them in 100 mi of DMS, 16.6 g (0.12 mol) of anhydrous potassium cart)onate and 19.9 g (0.12 
mol) of potassium iodide were added, and the mixture was stirred for 10 hours at 40°C. Thereafter, the reaction mixture 
was cooled, and salts formed were removed by filtration, and the filtrate was concentrated. The resultant crude product 
was dissolved in 100 ml of dichloromethane, and the solution was washed each 3 times with a 5% aqueous solution of 
potassium hydroxide and saturated saline and dried over magnesium sulfate. The solvent was then distilled off to obtain 
30 1 4.7 g of txsphenol A bis(3-methyl-2-butenyl) ether [the formula (70)]. 

[Synthesis Example 24] Synthesis of 0,0'-bis(3-methyl-2-butenylated) bis(4-hydroxyphenyl) sulfone: 

0.0'-Bis(3-methyl-243utenylated) bis(4-hydroxyphenyl) sulfone [the formula (71)] was obtained in an amount of 
35 15.8 g in the same manner as in Synthesis Example 23 except that 12.5 g (0.05 mof) of bis(4-hydroxyphenyf) sulfone 
were used in place of bisphenol A. 

[Synthesis Example 25] Synthesis of hydroquinone bis(3-methyl'2-txitenyl) ether: 

40 Hydroquinone bis(3-methyl-2-butenyl) ether [the fornula (71)] was obtained in an amount of 10.0 g in the same 
manner as in Synthesis Example 23 except that 5.5 g (0.05 mol) of hydroquinone were used in place of bisphenol A. 

[Synthesis Example 26] Synthesis of 0.0'-bis(2-butenyloxycarlx)nylmethyl)bisphenol A: 

45 After 1 7.4 g (0.09 nx)l) of the bromoester obtained in Referential Example 8 and 1 1 .4 g (0.05 mol) of bisphenol A 
were dissolved in 100 ml of DMF. 16.6 g (0.12 mol) of anhydrous potassium cartxjnate and 19.9 g (0.12 mol) of potas- 
sium iodide were further added, and the mixture was stirred for 1 0 hours at 50''C. Thereafter, the reaction mixture was 
cooled, and salts formed were removed by ffltration. and the filtrate was concentrated. The resultant crude product was 
dissolved in 50 ml of dichloromethane. and the solution was washed each 3 times with a 5% aqueous solution of potas- 

50 slum hydroxide and saturated saline and dried over magnesium sulfate. The solvent was then distilled off to obtain 1 8. 1 
g of 0,0'-bis(2-butenyloxycart)onylmethyl)bisphenol A Rhe fornxila (46)]. 

[Synthesis Example 27] Synthesis of 0.0'43is(1-methyI-2-propenyIoxycarbonylmethyl)brsphenol A: 

55 0.0'-Bis(1 -methyl-2-propenyioxycartX)nyimethyO-bisphenol A [the formula (42)] was obtained in an amount of 1 8.3 
g in the same manner as in Synthesis Example 25 except that 17.4 g (0.09 mol) of the bromoester obtained in Refer- 
ential Example 9 were used in place of the bromoester obtained in Referential Example 8. 
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[Synthesis Example 28] Synthesis of 0,0'-bis(3-methyl-2-but nyla)cycart)onylmethyl)bispheno! A: 

0.0'-Bis(3-methyl-2-butenylQxycart3onylmethyl)-bisphenol A [the Ibrmula (40)] was obtained in an amount of 19.0 
g in the same manner as In Synthesis Example 25 except that 18.6 g (0.09 mol) of the bromoesler obtained in Refer- 
ential Example 1 were used in place of the bromoester obtained In Referential Example 8. 

[Synthesis Example 29] Synthesis of 0.0*-bis(1-methyl-2-butenylQxycarbonylmethyl)blsphenol A: 

0.0'-Bls(1-methyl-2-butenylQxycarbonylmethyl)-bisphenol A [the formula (44)] was obtained in an amount of 18.9 
g in the same manner as in Synthesis Example 25 except that 18.6 g (0.09 mol) of the bromoesler obtained in Refer- 
ential Example 2 were used in place of the bromoester obtained in Referential Exanple 8. 

[Synthesis Example 30] Synthesis of 0,0'-bis(1,1<limelhy!-2-propenyloxycarbonylmethyl)bisphenol A: 

0.0'-Bis(1.1-dimethyl-2-propenyloxycart)onyImethyl)bisphenol A [the formula (45)] was obtained In an amount of 

1 8.6 g in the same manner as in Synthesis Example 25 except tiiat 18.6 g (0.09 mol) of the bromoester obtained in Ref- 
erential Example 3 were used in place of the bromoester obtained in Referential Example 8, 

[Synthesis Example 31] Synthesis of 0,0'-bis(2-cyclohexenylQxycarbonylmethyl)bisphenol A: 

0.0'-Bis(2-cyclohexenyloxycarbonylmethyl)bisphenol A [the formula (43)] was obtained in an amount of 19.7 g in 
tiie same manner as in Synthesis Example 25 except that 19.7 g (0.09 mol) of the bromoester obtained in Referential 
Example 4 were used in place of the bromoester obtained in Referential Example 8. 

[Synthesis Example 32] Synthesis of tris(4-(3-methyl-2-butenyloxycarbonylmethyloxy)phenyl)methane: 

Tris(4-(3-methyl-2-butenyloxycarbonylmethyloxy)phenyl)methane [the Ibrmula (48)] was obtained in an amount of 

14.7 g In the same manner as In Synthesis Example 27 except that 9.7 g (0.033 mol) of trts(4-hydrQxyphenyl)methane 
were used in place of bisphenol A. 

[Synthesis Example 33] Synthesis off 1 J.2,2-tetrakis(4-(3-methyl-2-butenyloxycarbonylmethyloxy)phenyl)ethane: 

1,1.2.2-Tetrakis(4-(3-metiiyl-2-butenyloxycarbonylmethyloxy)phenyI)ethane [the formula (52)] was obtained in an 
amount of 1 4.9 g in the same manner as in Synthesis Example 27 except that 1 0.0 g (0.025 mol) of 1 . 1 ,2.2-tetrakis(4- 
hydroxyphenyl)ethane were used In place of bisphenol A. 

[Synthesis Example 34] Synthesis of 0.0',0"-tris(3-methyl-2-butenyloxycarbonylmethylated) 2,6-bis(2-hydroxy-5- 
methylbenzyl)-p-cresol: 

0.0',0"-Tris(3-methyi-2-butenyloxycart>onylmethylated) 2.6-bis(2-hydroxy-5-methylbenzyl)-p<resol [the formula 
(55)] was obtained in an amount of 21 .9 g in the same manner as in Syntiiesis Example 27 except that 1 1 .5 g (0.033 
mol) of 2,6-bis(2-hydroxy-5-methylbenzyI)-p-cresol were used in place of bisphenol A. 

[Synthesis Example 35] Synthesis of 3-methyl-2-lxjtenyl 1-adamantanecarboxylate: 

A flask was charged with 2.6 g (0.03 mol) of 3-methy|.243uten-1 -ol. 3.1 g (0.025 mol) of triethylamine and 20 ml of 
THF to prepare a solution. While stirring tiie solution, a solution of 5.0 g (0.025 mol) of 1-adamantanecartx)nyl chloride 
in 40 ml of THF was added dropwise over 1 hour, followed by stimng further for 5 hours. After salts formed were 
removed by filtration from tiie reaction mixture, the filtrate was concentrated. The thusK)btained crude product was dis- 
solved in 70 ml of ethyl acetate, and the solution was washed each 3 times with a 5% aqueous solution of sodium hydro- 
gencarbonate and saturated saline and dried over magnesium sulfate. The solvent was then distilled off to obtain 4.9 g 
of 3-methyl-2-butenyl 1-adamantanecaitx)xylate [the formula (61)]. 

[Synthesis Example 36] Synthesis 0.0*-bis(3-methyl-2-butenyfoxycarbonylmethyl)hydroquinone: 

0.0'-Bis(3-methyl-2-butenylQxycarbonylmethyl)hydroquinone [the formula (65)] was obtained in an amount of 1 5.9 
g in the same manner as in Synthesis Example 27 except tinat 5.5 g (0.05 mol) of hydroquinone were used in place of 
bisphenol A. 
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[Examples 20-33] 

Dissolved in 460 parts of ethyl lactate were 1 00 parts f 3-methyl-2-butenyloxycarbonylmethylated, 1 5%-hydrogen- 
ated polyhydroxystyrene (Mw = 5.640) obtained in accordance with the process of Referential Example 10, 40 parts of 
each of the specific compounds obtained in Synthesis Examples 23-36. 5 parts of triphenylsulfonium trif late as a photo- 
induced acid generator and 0.01 part of a fluorine-containing surfactant. The solution was filtered through a poly- 
tetrafluoroethylene filter (product of Nihon Millipore Ltd.) having a pore size of 0.1 jim to prepare a resist solution. 

After applying the resist solution on a silicon wafer by a spinner, the resist solution was baked for 90 seconds at 
90*C. thereby forming a resist film having a thickness of 1.0 fim. TTie silicon wafer on which the resist film had been 
formed was exposed by means of an excimer stepper (NA = 0.45) and a test reticle. 

Thereafter, the silicon wafer on which the resist solution containing each of the specific compounds of Synthesis 
Examples 26 and 27 had been coated was baked for 60 seconds at 1 10"C, while the silicon wafer on which the resist 
solution containing each of tiie specific compounds of Synthesis Examples 23-25 and 28-36 had been coated was 
baked for 60 seconds at 90°C. Each of the thus-baked wafers was tiien developed by immersion developing in an aque- 
ous solution of tetramethylammonium hydroxide for 1 minute, thereby obtaining a positive pattern. 

The sensitivity and resolution of the resist films tiius obtained were as shown in Table 4. 
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Table 4 





Resin 


Specific conipound 


Sensi- 
tivity 


R so- 
lution 
(•2) 


Example 


20 


a 


Bisphenol A bls(3-methyl-2- 
butenyl) ether Formula (70) 


12 


0*275 


21 


a 


0,0' -Bis ( 3-inethyl-2 -butenylated ) 
bl8(4-hydroxyphen7l) sulfone 

Formula (71) 


17 


0.300 


22 


a 


Hydroquinone bis (3 -methyl- 2- 
butenyl) ether Formula (75) 


10 


0.275 


23 


a 


0,0* -bis ( 2 -butenylojcycarbonyl - 
methyl) bisphenol A Formula (41) 


21 


0.350 


24 


a 


O , O • -Bis ( 1 -methyl- 2 -propenyloxy- 
carbonylmethyl) bisphenol A 

Formula (42) 


15 


0.325 


25 


a 


O , O • -Bis ( 3 -methyl- 2 -butenyloxy- 
carbonylmethyl) bisphenol A 

Formula (40) 


9 


0.250 


26 


a 


O.O' -Bis(l-methyl-2-butenyloxy- 
carbonylme thyl ) bisphenol A 

Formula (44) 


14 


0.275 


27 


a 


0,0' -Bis(l,l-dimethyl-2-propenyl- 
oxycarbonylmethyl) bisphenol A 

Formula (45) 


7 


0.275 


28 


a 


O , O ' -Bis ( 2 - cyclohexeny loxy - 
carbonylmethyl) bisphenol A 

Formula (43) 


12 


0.325 


29 


a 


Trls ( 4- ( 3 -methyl- 2-butenyloxy- 
carbonylme thyloxy ) phenyl ) methane 

Formula (48) 


15 


0.275 


30 


a 


1,1,2 , 2-Tetraki8 ( 4- ( 3-methyl-2- 
but enyloxy- carbonylme thy loxy ) - 
phenyl) ethane Fozrmila (52) 


17 


0.300 


31 


a 


0,0' ,0"-Tris(3-methyl-2-butenyl- 
oxycarbonylmethylated ) 2,6 -bis - ( 2 - 
hydroxy- 5 -me thy Ibenzyl) -p-cresol 

Formula (55) 


24 


0.275 


32 


a 


3 -Methyl- 2-butenyl 1 -adamant euie- 
carboacylate Formula (61) 


10 


0.275 


33 


a 


0,0' -Bl8(3-metfayl-2-butenyloxy- 
carbonylmethyl ) hydroquinone 

Formula (66) 


11 


0,250 



(*1) The unit of the sensitivity is mJ/can^. 



(*2) The unit of the resolution is U m. 

Kind of resin a: 3-Methyl-2-butenyloxycarbonylmethylated, 
15%-hydrogenated polyhydroxystyrene. 
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[Exampl 34] 

Dissolved in 460 parts of ethyl lactate were 100 parts of the 4-hydroxystyrene/t-butyl methacrylate copolymer 
(copolymerization ratio = 71:29, Mw = 6,410) obtained in Referential Example 11, 40 parts of the specific compound 
5 obtained in Synthesis Examples 28, 5 parts of triphenylsuifonium trrflate as a photo-induced acid generator and 0.01 
part of a fluorine-containing surfactant. The solution was filtered through a polytetrafluoroethylene filter (product of 
Nihon Millipore Ltd.) having a pore size of 0.1 \im to prepare a resist solution. 

After applying the resist solution on a silicon wafer by a spinner, the resist solution was baked for 90 seconds at 
90''C, thereby forming a resist film having a thickness of 1.0 fim. The silicon wafer on which the resist film had been 
10 formed was exposed by means of an excimer stepper (NA = 0.45) and a test reticle. The silicon wafer was then baked 
for 60 seconds at 90*^0. The thus-baked silicon wafer was then developed by immersion developing in an aqueous solu- 
tion of tetramethylammonium hydroxide for 1 minute, thereby obtaining a positive pattem. 

[Example 35] 

IS 

Dissolved in 460 parts of ethyl lactate were 100 parts of a novolak resin (m-cresoiyjD-cresol « 5/5, Mw = 4,850), 50 
parts of the specific compound obtained in Synthesis Examples 28. 5 parts of triphenylsuifonium triflate as a photo- 
induced acid generator and 0.01 part of a fluorine-containing surfactant. The solution was filtered through a poly- 
tetrafluoroethylene filter (product of Nihon Millipore Ltd.] having a pore size of 0.1 \im to prepare a resist solution. 

20 After applying the resist solution on a silicon wafer by a spinner, the resist solution was baked for 90 seconds at 
lOS^'C, thereby forming a resist film having a thickness of 1.0 ^m. The silicon wafer on which the resist film had been 
formed was subjected to electron beam writing by means of an electron beam writing apparatus (acceleration voltage: 
50 keV). The silicon wafer was then baked for 60 seconds at SO^'C. The thus-baked silicon wafer was then developed 
by immersion developing in an aqueous solution of tetramethylammonium hydroxide for 1 minute, thereby obtaining a 

25 positive pattern. 

The sensitivity and resolution of the resist films obtained in Examples 34 and 35 were as shown in Table 5. 



Table 5 



30 




Resin 


Specific compound 


Sensi- 
tivity 


Reso- 
lution 
(*2) 


35 


mple 


34 


b 


0,0' -Bis(3-methyl-2~butenyloxy- 
carbony Ime t hyl ) bisphenol A 

Formula (40) 


10 
mJ/cm* 


0.275 


40 


X 
H 


35 


c 


0,0' -Bis(3-methyl-2-butenyloxy- 
carbonylinethyl)bisphenol A 


2.2 
inJ/cm* 


0.180 










Fozmula (40) 





(*1) The unit of the resolution Is M m. 

Kind of resin a: 3-'Methyl-2-butenyloxycarbonylmethylated, 



15%-hydrogenated polyhydroxystyrene. 

so 

b: 4- Hydroxys tyrene/t- butyl methacrylate 
copolymer (70:29). 
55 c: Novolak resin. 
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[Example 36] 

Th resist conposHion used in Example 34 was used to obtain a line & space pattern at intervals of 5 ^m in the 
same manner as in Example 34. This pattern was subjected to a UV cure treatment (exposed to light from a low pres* 
sure mercury lamp for 1 .5 minutes at 90''C) to test it on heat resistance in comparison with an untreated resist pattern. 
As a result, it was recognized that the form of the untreated pattern was deteriorated at 110**C or higher. However, no 
deterioration in form was recognized on the treated pattern even at 160''C. The results are shown in Table 6. 



10 


Table 6 








Resist composition 


UV treatment 


Temperature at which 
pattern form starts to be 
deteriorated 


IS 


6 )ux\'PBW&Tt\ making use of the composition of Example 24 


Conducted 


160*C or higher 






Not conducted 


110*C 



20 As described above, it was found that the compositions according to the present invention can achieve far excellent 
performance characteristics as resists. 

INDUSTRIAL APPLICABILITY 

25 According to the present invention, there can be provided resist compositions which have excellent sensitivity, res- 
olution and heat resistance and can provide excellent pattern form. The resist compositions according to the present 
invention permit the formation of patterns by exposure to ultraviolet rays, KrF excimer laser beam or the like and are 
suitable tor use as resists tor minute processing of semiconductor elements. 

30 Claims 



35 
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A resist composition comprising a polymer (a) having groups cleavable by an add and a compourxl (b) which can 
form an acid upon exposure to active rays, wherein the polymer (a) is a polymer having, as the groups cleavable 
by an acid, groups containing a substituted allyloxy group having at least two substituents. 

The resist composition according to Claim 1 , wherein the polymer having groups containing a substituted allyloxy 
group having at least two substituents is a polymer having a structure that the substituted allyloxy group Is bonded 
directly or through a divalent organic group to the polymer. 

The resist composition according to claim 1, wherein the group containing a substituted allyloxy group having at 
least two substituents is a group represented by the following formula (1): 



45 



(1) 



SO 



55 



wherein R"* to R^ are independently selected from among a hydrogen atom, halogen atoms, a n'rtro group, a cyano 
group, alkyi groups which may be substituted, aikenyl groups which may be substituted, alkadienyl groups which 
may be substituted, and a vinyl group which may be substituted, at least two of R^ to R^ are substituents other than 
the hydrogen atom, R'' and R^ R^ and R^, and R^ and R^ may independently form a ring, the individual substitu- 
ents each have at most 12 carbon atones, and A is a single bond or a divalent organic group. 

The resist composition according to Claim 3. wherein in the formula (1). R^ to R^ are independently a hydrogen 
atom, a halogen atom, an alkyI group having 1 -4 cartx)n atoms or an aikenyl group having 2-4 carbon atoms. 



S. The resist composition according to Claim 3, wherein in the formula (1 ). A is a single bond, a divalent organic group 
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represented by the following formula (4): 




(4) 



wherein, and are independently selected from aniong a hydrogen atom, halogen atoms, alkyi groups which 
may be substituted, alkenyl groups which may be substituted, a phenyl group which may be substituted, and aralkyl 
groups which may be substituted, said individual substituents each having at most 10 cartx>n atoms, or a divalent 
organic group represented by the following formula (5): 



wherein R*"^ to R^® are independently selected from among a hydrogen atom, halogen atoms, alkyI groups which 
may be substituted, and alkenyl groups which may be substituted, said individual substituents each having at most 
4 carbon atoms. 

6. The resist composition according to Claim 1. wherein the polymer (a) having groups deavable by an acid is such 
that the substituted allyloxy group is deaved in the presence of an acid derived from the compound (b) whk^h can 
form an acid upon exposure to active rays, so that the polymer turns alkali-soluble. 

7. The resist composition according to Claim 1, wherein the polymer (a} having groups deavable by an acid has a 
structure that 1 -99% of the phenolic hydroxyl groups in a vinylphenol type resin is substituted by the group contain- 
ing the sutjstttuted allyfoxy group. 

8. The resist composition according to Claim 7. wherein the polymer (a} having groups cleavatsle by an acid is a resin 
having structural units derived from phenol or vinylphenol which has the group containing the substituted allyloxy 
group and may be partially hydrogenated. 

9. The resist composition according to Claim 7, wherein the vinylphenol type resin is a polyvinylphenol resin, a par- 
tially hydrogenated polyvinylphenol resin, a novolak resin, a partially hydrogenated novolak resin, a polyvinyl alco- 
hol resin, a copolymer of vinylpherwl or a derivative thereof with other nx>nomers than the vinylpherxMs, a partially 
hydrogenated product of a copolymer of vinylphenol or a derivative thereof with other monomers than the vinylphe- 
nols. a copolymer of two or more kinds of vtnylphenols, or a partially hydrogenated product of a copolymer of two 
or more kinds of vinylphenols. 

10. The resist compo^fon according to Claim 9. wherein the copolymer of vinylphenol or a derivative thereof vvith other 
monomers than the vinylphenols is a copolymer of vinylphenol or a derivative thereof with at least one monomer 
selected from the group consisting of styrene. styrene derivatives, (meth)acrylic esters and (meth)acrylic ester 
derivatives. 

11. The reasl composition according to Claim 1, wherein the polymer (a) having groups deavable by an acid is a 
(oo)polymer having structural units derived from an aromatic vinyl compound to which the group containing a sub- 
stituted allyloxy group having at least two substituents is bonded. 

12. The resist composition according to Claim 11. wherein the polymer (a) having groups deavable by an acid is a 
copolymer having structural units derived from an aromatic vinyl compound to which the group containing a substi- 
tuted allyloxy group having at least two substituents is bonded, and structural units derived from an unsaturated 
cart)oxy!fc compound. 




(5) 
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13. The resist composition aocording to Claim 12, wherein the polymer (a) having groups deavable by an acid is a 
copol/mer containing structural units represented by the following formula (1 6), structural units represented th 
following formula (17) and structural units represented by the following structural units (18): 



(16) 





(17) 



COOR, 



(18) 



wherein to R3 are Independently selected from among a hydrogen atom, alky! groups which have 1-4 carbon 
atoms and may be substituted, halogen atoms, a cyano group, and a nitro group. R4 is a group containing a sub- 
stituted allyloxy group having at least two substituents represented by the formula (1), Rg is a hydrogen atom, a 
hydroxyl group, an alkyi group which has 1-4 cartx)n atoms and may be substituted, or a halogen atom. R5 is a lin- 
ear, branched or cyclic alky! group which may be substituted, or a group represented by the following formula (20): 

Rt Ra 

^^n>^9—^ (20) 



in which R7 is an alkyI or alkenyl group which may be substituted. Rs to R^^ are independently a hydrogen atom, a 
halogen atom, or an alkyI group which may be substituted, at least one of Rg to R-ti Is a hydrogen atom, and D is 
a divalent organic group, and k. m and n represent proportions of the respective structural units and satisfy the fol- 
lowing respective relationships: 

0<k<0.95: 
0 < m < 0.95; 
0.05 :^ n ^ 0.60; and 
0.1 ^k/{k+m)<1 

wherein the sum of the proportions of the respective structural units in the copolymer is 1 . 

14. The resist composition according to Claim 1. wherein the polymer (a) having groups deavable by an add is a 
(co)polymer having structural units derived from an unsaturated carboxylic compound to which the group contain- 
ing the sut>stctuted allyloxy group having at least two substituents is bonded. 

15. The resist composition according to Claim 14. wherein the pdymer (a) having gr ups deavable by an acid is a 
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copolymer containing structural units derived fronn an unsaturated carboxylic compound to which the group con- 
taining the substituted allyloxy group having at least two sutsstituents is bonded, arxJ structural units derived fr m 
an aromatic vinyt compound 

16. The resist composition according to Claim 15. wherein the polymer (a) having groups cleavak)le by an acid is a 
copolymer containing structural units represented by the formula (17) and structural units represented by the fol- 
lowing formula (19): 

Vji (19) 
COR4 

wherein R3 is a hydrogen atom, an alkyl group which has 1-4 cartxjn atoms and may be substituted, a halogen 
atom, a cyano group, or a nitro group. R4 Is a group containing a substituted allyloxy grot^ having at least two sub- 
stituents represented by the formula (1)» and m and p in the fornrulae (17) and (19) represent proportions of the 
respective structural units and satisfy the following respective relationships: 

0.40 ^ m ^ 0.95: and 
0.05 ^p^ 0.60 

wherein the sum d the proportions of the respective structural units in the copolymer is 1. 

17. The resist composition according to Claim 1, which comprises the compound (b), which can form an acid upon 
exposure to active rays, in a proportion of 0.05-50 parts by weight per 100 parts by weight of the polymer (a) having 
groups cleavable by an acid. 

30 18. The resist composition according to Claim 1 , which is a mixture further comprising an organic solvent in an amount 
sufficient to uniformly dissolve the Individual components. 

19. A resist composition comprising a resin binder (A), a compound (B) which can form an acid upon exposure to active 
rays, and a compound (C) having a group cleavable by an acid, wherein the compound (C) having the group cleav- 
es able by an acid is a compound having a group containing a substituted allyloxy group having at least one substitu- 

ent. 

20. The resist composition according to Claim 1 9. wherein the polymer having a group containing a substituted allyloxy 
group having at least two substituents is a compound having a structure tiiat the substituted allyloxy group is 

40 bonded directiy or through a divalent organic group to the compound. 

21 . The resist composition according to claim 19. wherein the group containing a substituted allyloxy group having at 
least two substituents is a group represented by the following formula (1): 



10 



IS 



20 



25 



45 



SO 



R'R* 



wherein to are independentiy selected from among a hydrogen atom, halogen atoms, a nrtro group, a cyano 
groups alkyl groups which may be substituted, alkenyl groups which may be sufc)stituted. alkadienyl groups whk;h 
may be substituted, and a vinyl group which may be substituted, at least two of R^ fo R^ are substituents other than 
55 the hydrogen atom, R^ and R*. R^ and R^, and R* and R^ may independentiy form a ring, tiw individual substitu- 
ents each have at most 12 carbon atoms, and A is a single bond or a divalent organic group. 

22. The resist composition according to claim 19. wherein the group containing a substituted allyloxy group having at 
I ast one substituents is a group r presented by the following formula (28): 
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VVS^^ (28) 



wherein R"* to are independently selected from among a hydrogen atom, halogen atoms, a nitro group, a cyano 
group, alkyi groups which may be substituted, alkenyl groups which may be substituted, alkadienyl groups which 
may be substituted, and a vinyl group which may be substituted, at least one of R^ to R^ is a substituent other than 
the hydrogen atom, R^ and B^. R^ and R^. and R^ and R^ may independently form a ring, and the individual siib- 
stituents each have at most 12 carbon atoms. 

23. The resist composition according to Claim 19, wherein the resin binder (A) is an aikali-solUble resin. 

24. The resist composition according to Claim 23, wherein the alkali-soluble resin is a novolak resin, a partially hydro- 
genated novolak resin, polyhydroxystyrene, partially hydrogenated polyhydroxystyrene, a copolymer of a monomer 
having a phenolic hydroxyl group with at least one monomer selected from the group consisting of styrene. styrene 
derivatives, (meth)acrylic esters and (meth)acrylic ester derivatives, or a mixture containing two or more of these 
polymers. 

25. The resist composition according to Claim 19, wherein the resin binder (A) is a resin obtained by modifying an 
alkali-soluble resin with a group unstable to an acid. 

26. The resist composition according to Claim 19. wherein the compound (C) having a group cleavable by an acki is a 
compound having a structure that the substituted allyloxy group having at least one substituent is bonded directly 
or through a divalent organic group to an aromatic compound or an organic compound having at least two rings and 
at least 10 carbon atoms. 

27. The resist composition according to Claim 1 9. wherein the substituted allyloxy group having at least one substituent 
is a group free of any substituent at the 1 -position or a 1.1-di-substituted group. 

28. The resist conrposition according to Claim 19. wherein the compound (C) having a group cleavable by an acid is 
cleaved at its substituted allyloxy group moiety in the presence of an add derived from the compound (B) which can 
form an add upon exposure to active rays, and serves to make the resin binder (A) alkali-soluble or enhance the 
solubility of the resin binder in alkali. 

29. The resist composition according to Claim 19. which comprises the components (B) and (C) in proporttons of 0.01 - 
60 parts by weight and 2-100 parts by weight, respectively, per 100 parts by weight of the component (A). 

30. The resist composition according to Claim 19. which is a mixture further comprising an organic solvent in an 
amount sufficient to uniformly dissolve the individual components. 
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